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THIRTIETH ANNIVERSARY OF THE GERMAN DEMOCRATIC REPUBLIC

DEVELOPMENT OF THE NUCLEAR POWER INDUSTRY
IN THE GERMAN DEMOCRATIC REPUBLIC*

W. Mitzingert

In the 30 years of the German Democratic Republic (GDR) the power industry of the country has to an
every increasing extent become an important factor in the growth of the national economy. In accordance with
the further development of the socialist society the energy policy of the country is aimed at ensuring the well-
being of the nation, in the service of the working class and all working people. The General Secretary of the
Central Committee of the Socialist Unity Party of Germany (CC SUPG) and Chairman of the State Council of the
GDR, E, Honnecker, stated at the Ninth Congress of the Party that the creation of a powerful modern energy
and raw materials base is a fundamental condition for the development of the productive forces for the gradual
transition to communism and its material and technical foundations. The energy policy of the country, deter-
mined at the Eighth Congress of the SUPG and reaffirmed at the Ninth Congress is based on three main prem-
ises: : :

security of fuel and energy éupplies through maximum use of domestic energy and raw-material resour-
ces; :
rationalization of the processes of conversion, transportation, and application of energy for a further
decrease in the specific fuel and energy consumption; :

implementation of a comprehensive program of socialist economic integration for the extensive utili-
zation of the scientific and technological advances, the creation of specialized production of highly effi-
cient plant, particularly in electrical machine construction, and stable, long-term supplies of raw mater-
ials and fuel for the country.

In accordance with these premises, low-calorie brown coal will, as before, remain the main source of
primary energy in the country, at least up to the year 2000. In the future as wella large proportion of the
energy demand will be covered by domestic brown coal. The directives of the Ninth Congress of the SUPG set
the goal of "ensuring the production of domestic solid fuel with the minimum possible costs by increasing the
power and efficiency of existing strip mines and concentrating plants in combination with the discovery of new
open pits." However, because of the limited possibilities of increasing extraction and the increasing deteriora-
tion of the geological and hydrological conditions, further expansion of brown coal production, especially after
1990, will be restrained by natural causes. In the light of present concepts, atomic energy presents the only
possible alternative for meeting the requirements of the GDR for energy, especially after 1990. Thus, theearly
development of an industrial base for nuclear power in the country is envisaged. With due regard for the sci-
entific and technical potential and the structure of industry, this problem can be solved only in close cooper-
ation with the Soviet Union and other COMECON member-nations. As long ago as 2 years after the start-up
of the Obninsk Atomic Power Plant (APP) an intergovernmental agreement was signed on the joint construc-
tion of the Rheinsburg APP with a VVER (water-moderated—water-cooled power reactor) with an electrical
power of 70 MW, During the design, construction, and operationof this APP scientists, designers, builders,
erectors, and operators of our country had the opportunity to become acquainted with the new technology in
close cooperation with Soviet specialists. While the technical design and the principal equipment of the APP
were supplied by the Soviet Union, the detail design and auxiliary equipment, including the stzeam generator,
were elaborated and built in the GDR. The construction and the assembly of the equipment of the APP were
carried out by GDR specialists.

The successful start-up of the Rheinsburg APP on May 8, 1966, on the anniversary of liberation from
fascism, demonstrated that in the GDR the prerequisites had been created for mastering atomic energy in fra-
ternal cooperation with the Soviet Union. ‘Thus, the road was laid for mastering a new source of energy,
atomic energy. Already in 1965 a new agreement was concluded with the Soviet Union on joint work on the con-

*Translated originally from German; ©1979 by Akademie-Verlag, Berlin.
+Minister of Coal Mining and Power.

Translated from Atomnaya Energiya, Vol. 47, No. 3, pp. 147-149, September, 1979,
0038-531X/79/4703- 0691507.50 © 1980 Plenum Publishing Corporation = 691
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struction of the next APP, The site chosen for it was the Lubmin wasteland on the shore of the Baltic Sea,
roughly 20 km to the northeast of Greifswald. The choice of site was due mainly to the presence of cooling
water as well as the inadequate supply of electrical energy in the northern regions of the country. The reactors
chosen for this APP were of the pressurized water type of reliable Soviet design, similar to those installed at
the Novovoronezh APP. The electrical power of each energy unit is 440 MW, Such reactors have come into
most widespread use primarily because of their economy, high degree of safety, and use of pressurized water
as the working medium, which has been well investigated in ordipary engineering. The first unit of the Greifs-
wald APP, which has been named the Bruno Loischner APP, went into operation at the end of 1973. The com-
mercial introduction of atomic energy thus began in the GDR. At present, the APP operates four energy units
with VVER-440 reactors with a total power of 1760 MW, The APP accounts for more than 9% of the power of
all the electricity generating plants of the GDR. The next energy units are to be constructed both on the site
of the Bruno Loischner APP and on the Elba, about 25 km from Stendal. Over the next decade the contribution
of the APP to the installed capacity of electric power stations in the GDR will rise to 15-209%. At the same
time, plans call for a transition to pressurized-water reactors with a higher unit power.

The APP built in the country have displayed high operating characteristics. In the first place this per-
tains to operating readiness and safety. The Rheinsberg APP has been operating consistently for more than
13 years. In recent years it has been reequipped into a research center and a center for training personnel for
the nuclear power industry. With a training unit coming into service here in 1975, conditions approximating
those in practice as closely as possible were created for training and raising the qualifications of operating
personnel for APP of the GDR and other COMECON member-nations. In the critical months of the 1978-1979
winter the operational readiness of the units of the Bruno Loischner APP was 95-100%. Operation in January
and February, 1979, which were particularly severe in the northern regions of the country, demonstrated that
the APP is relatively independent of the weather conditions. Operating at full capacity, it ensured electrical
energy for the country even when, because of exceptionally heavy snowfalls, the plant was temporarily cut off
from the outside world. Under the conditions existing in the GDR a capacity of 440 MW for a power unit is"
economically justified. As for the capital investment and energy costs, a unit with a VVER-440 reactor is com-
parable with a modern 500- MW unit operating on brown coal.

The construction and operation of APP in the GDR are under strict government control. Operating ex-
perience has confirmed that the characteristics are favorable for the environment. The radiation in the direct
vicinity of the APP is less than 1% of the natural radiation. The long-range energy policy of the GDR is aimed
at the continuous development of nuclear power with the use of mastered, reliable, and tested APP and invidi-
dual APP systems. In order to increase operating safety provision has been made for continuous and annual
inspection of the state of the APP, especially the nuclear part, this being done in the form of comprehensive.
examinations of the equipment on the basis of instructions strictly laid down by law. The high requirements
concerning. the professional training of operating personnel, regular enhancement of the qualifications in com-
bination with qualification examinations, and continuous and concrete monitoring of the state of the training of
operating personnel by on~the-spot analysis of maladjustments and regular training sessions for handling emer-
gencies are also important measures for ensuring the required high safety of APP,

Supplies of nuclear fuel for APP in our country as well as the return of spent fuel are ensured by long-
term agreements and treaties with the Soviet Union. Thus, there is no need to reprocess spent fuel on the terri-
tory of the GDR in order to extract highly active fission products and recover the uranium and plutonium not
used in the reactor. This results in very visible streams of nuclear materials, which makes it possible for the
IAEA, on the basis of the treaty of nonproliferation of nuclear weapons, to carry out effective inspection of the
pureful peaceful use of nuclear technology in the GDR. Special railway cars and containers have been con-
‘structed for the safe transportation of fresh and spent fuel. Low-level and medium-level radicactive waste
formed as the result of the operation of the APP and the application of radioisotopes in many areas of the
national economy are appropriately processed and then stored on the territory of the GDR,

All of these successes would not have been possible without the close, fraternal cooperation with the
Soviet Union and other socialist countries on the basis of bilateral government agreements within the frame-
work of COMECON, especially in the domain of science and engineering. Already in the early stage of develop-
ment of nuclear energy, in October 1960, COMECON established a Standing Committee on the use of atomic
energy for peaceful purposes. It has ensured long and fruitful cooperation among the COMECON member-
nations in mastering a new source of energy. The principal task of the Committee consists in coordinating the
scientific research and long-term developments in the field of nuclear energy. To this end, working bodies
were set up to deal with particular problems, especially the development of pressurized-water reactors, pre-
paration for the introduction of fast breeder reactors, elimination of radioactive wastes, reprocessing of spent

692
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fuel, as well as problems of radiation protection and protection of the environment. An international research
team was created in Budapest to develop reactor physics and study related problems. The COMECON Standing
Committee on Electrical Energy also set up a special working group of specialists engaged in the design, con-
struction, and operation of APP with water-moderated—water-cooled reactors. A

Specialists of the GDR are participating actively in the activities of these international working bodies.
In this connection mention should be made first of all of the creative teams of the Central Institute of Nuclear
Research at Rossendorf, the Academy of Sciences, the Bruno Loischner APP; and the industrial group for the
construction of electric power plants, : .

The main efforts of the GDR in the further joint development of water-moderated —water-cooled power
reactors and preparation for the introduction of fast breeder reactors are aimed at creating neutron-physics
and heat-engineering programs for designing reactors, improving their water conditions and regulating and
control systems, developing methods of deactivating an individual piece of equipment and the entire primary
circuit of a water-moderated—water—cooled power reactor, methods of monitoring the state of the equipment
and metal during inspection and operation of APP, as well as developing methods and special equipment for
packaging, transporting, and storing radioactive wastes, This work, as well as the creation of special methods
for monitoring the sodium circuits of fast reactors, are conducive to a further increase in the safety, oper-
ational readiness, and economy of APP, The GDR also participates in improvement of the designing, construc-
tion, assembly technology, and start-up and loading operations in the construction of APP.

On the 30th anniversary of the GDR it is with satisfaction that we note the successes of our workers,
engineers, and scientists during the 23 years since the conclusion of the first intergovernmental agreement
with the Soviet Union on the establishment of a nuclear-energy base in the country. They have earned our
gratitude, as also have our Soviet friends, whose great professional knowledge and participation created the
scientific, technical, and economic prerequisites for the introduction of atomic energy into the power industry
of the GDR, ' ‘ -

NUCLEAR RESEATRCH OF THE ACADEMY OF SCIENCES

OF THE GERMAN DEMOCRATIC REPUBLIC IN THE LIGHT

OF THE DECISIONS OF THE NINTH CONGRESS OF THE GERMAN
SOCIALIST UNITY PARTY* | ' '

K. Fukst

The first report concerning the birth of the Academy of Sciences of the German Democratic Republic was
inscribed with the motto "theoria cum praxi," framing a miniature portrait of Leibnitz on the cover of the
journal Kernenergie. Such, too, was the sense of the second report, dated July 1, 1946, and called "enlistment
of science in the construction of a democratic Germany."

In the first years of nuclear research in the GDR controversies arose over whether "current issues"
were a matter for the research and design organizations of the heavy power engineering industry whereas the
activities of the Central Insitute of Nuclear Research should be devoted exclusively to future development of -
reactors. ' ' : '

The controversies have long since ceased. Now everyone has taken to heart the words of the General
Secretary of the Central Committee of the German Socialist Unity Party (CC GSUP) and Chairman of the Coun-
cil of State of the GDR, E. Honnecker, that "socialism is sole appeal to science." The profound sense of this
statement can be comprehended when one examines how in fact the ideal of unity of the economic and social
policy of the Party is accomplished. Particularly large changes have occurred in the style of management and

*Abbreviated translation originally from the German; ©1979 by Akademie- Verlag, Berlin.

tChairman of the Scientific Councils of Foundations of Power Engineering and Microelectronics, Aéademy of
Sciences of the German Democratic Republic. :

Translated from Atomnaya Energiya, Vol. 47, No, 3, pp. 149-151, September, 1979.

0038-531X/79/4703-0693$07.50 © 1980 Plenum Publishing Corporation - 693
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psychological climate of enterprises since the resolution adopted by the Ninth Congress of the SUPG stating
that acceleration of scientific and technological progress is the basis for the intensification of production.

The Academy of Sciences bears a dual responsibility: for the development of science as a source of new
knowledge and for the effective use of its results. It is called upon not simply to link theory with practice but
to ensure the most efficient performance of the social purposes of fundamental research. In 1975, when the
program for physics research was being drawn up, we tried to answer this question. The answer can be for-
mulated as follows: work on the development of the fundamental problems of physiecs and individual areas of
physics makes it possible to discover and understand many new physical phenomena with great potentialities
for practical use. The discoveries must be directed at solving the basic problems of society, primarily those
of the national economy,

_ This approach refutes the mechanistic view that only "appropriate™ fundamental research should be
engaged in. Also refuted was the demand that each line of research have an unquestionable economic purpose.
How did we arrive at this answer and what is the crux of it? '

It was useful for us:to have the development of nuclear energy in a leading position among the principal
areas of research. And this is no accident since the experience gained from the development of nuclear power
should be used to solve other major problems. The development of the nuclear power industry in the GDR,
therefore, has two tasks in the main. One of them is the result of agreements within the framework of COME-
CON. The second stems from the need for such a scientific basis for the technological processes in the nu-
clear reactor which will ensure safe and efficient operation of atomic power plants (APP). Accordingly, for
this reason and also for the diagnostics, monitoring, and control of the processes reactor physics has been
transformed from an exact science into one of the technological areas of research. This has occurred to the
extent that the neutron-physical characteristics determine the engineering factors of APP. Thus, neutron

characteristics are now studied not as a physical but rather as a technological phenomenon, Finally, the reactor

installation, including the primary circuit, attracts attention as an object of research, as evidenced by the in-
tensive exchange of specialists as well as instruments and technical information between the central nuclear
research institutes and APP of the country.

The knowledge that the information participates in the technological process is important for the exten-
sion of the experience. The growing size and complexity of industrial plants of another type lead to the same
problem. It cannot be resolved without a precise technique for data acquisition and computer processing of the
data, ’ : ‘

At an exhibition devoted to the 275th anniversary of the Academy of Sciences of the GDR, the state of the
research program at that time was illustrated schematically. This aspect of information science has been con-
firmed in part. Reactor physics, as a technological discipline, realizes the link between fundamental research
and the technology of APP, However, the link between fundamental research and information science continued
to be an "uninvestigated area.” The gap between fundamental research and the use of the results of research
was understood and the first steps were taken to eliminate it. Thus, we were not unprepared when we encoun-
tered this problem in microelectronics.

Microelectronics is of interest to us as a material carrier of complex informational processes and as a
difficult branch of manufacture. It was first used to automate scientific experiments in the domain of nuclear
research. In nuclear power engineering the application of microelectronics has taken the route of construction
of hierarchical monitoring and control systems which are in accord with the technique of automating the devel-
oping socialist society. In turn, nuclear research was conducive to the development of microelectronics. Thus,
the many years of experience of the Academy of Sciences with ion implantation was used in the production of
some microelectronic devices. The ion-beam technique still has many undiscovered technological capabilities
which will also lend themselves to application. The Central Institute of Isotope and Radiation Research and the
Central Institute of Nuclear Research have developed nuclear methods of analysis which are used in micro-
electronics to solve problems of pure materials. In many cases only such methods are sensitive enough to
permit a transition from materials "as pure as possible" to materials "as pure as required." Clearly, there
are sufficient examples to show the effect of technology on research in the realm of physics. Technology is
that mirror with which a variety of possible areas of development are focused on the most important directions,
yielding the greatest effect from the intensification of production today and at the same time significantly im-
proving the production technology of tomorrow. ’

The nuclear research of the Academy of Sciences encompasses problems such as those below.
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1. Continued research on the fundamental laws of space, time, and matter. The physics of the nucleus
and elementary particles makes a contribution to this work. The goal is to determine the limits of present-
day knowledge. The point is to penetrate further into the microcosm and to create the instruments necessary
to do this. In this connection one should not neglect the practical application of knowledge, methods, and in-
struments which in many ways promote general process. Elementary-particle physics has been stimulated

“with the appearance of a possibility of experimental verification of the quark hypothesis. New currentresearch

has been concentrated in the Institute of High-Energy Physics at Zeuthen and is being conducted in close co-
operation with the Joint Institute of Nuclear Research (JINR). The work is planned so as to utilize the unique
capabilities of the experimental facilities as Dubna and Serpukhov. Moreover, we can count on the use of the
experimental capabilities of CERN. Theoretically validated problems should be subjected to critical analysis
at JINR and obtain experimental confirmation with the aid of high-quality modern technology. Major results
from such work were obtained at the end of 1978: an international team of specialists at Zeuthen built an ap-
paratus for processing and interpreting photographs of particle tracks.

In nuclear physics note should be taken of a developed generalized method of describing the mechanism
of reactions on the basis of an exact many-particle theory. The high level of nuclear-engineering instrumen-
tation facilitated a center for the development of instruments for scientific research in the Central Institute of
Nuclear Research. ‘

- Interesting results on the dependence of nuclear decay on the chemical bonds were obtained in the Cen-
tral Insitute of Isotope and Radiation Research. Laws which were discovered will probably lend themselves to
use in the development of nuclear-medicine preparations.

These are only some of the results. Reviews published in Kernenergie in July 1975 to mark the 275th
anniversary of the Academy of Sciences of the GDR can be recommended to the interested reader.

2. The next problem is that of studying complex physical structuresof a natural origin. Of greater
interest in this respect is work done at the boundary with other sciences, which was the case particularly in
isotope and radiation research. Thus, research on isotopic effects in geochemical processes makes it possible
to obtain interesting data about the history of elements and the origin of deposits, data which could be used in
geological prospecting.' The similarity theory can be used to model the combined processes and to determine
their parameters. R\esearches carried out in the Central Institute of Isotope and Radiation Research with
nitrogen-15 have attained a high level and have produced results applicable in biology, agriculture, and medi-
cine. Radiation-chemical research has been enriched with fundamental work on the effect of irradiation on
elementary processes which could find application in radiation-chemical chlorination of polyvinyl chloride and
development of cable insulations.

3. An important place in the investigations of the Academy of Sciences of the GDR is occupied by the
study of artificial physical structures, i.e., the fundamental laws of technology. Research for nuclear power
engineering and microelectronics are the most prominent, but not the sole example of work in this area. Along
with personnel from the Bruno Loischner APP further res earch is planned with other APP. Thus, within the
framework of the international team in Budapest, established for preparations for the introduction of the VVER-
1000 water-moderated—water-cooled power reactor, specialists of the Academy of Sciences of the GDR are
engaged in work on problems pertaining to diagnostics from noise analysis, Other problems for this team are
being worked on in collaboration with specialists from the Rheinsburg APP. In conjunction with workers of the
Scientific-Research Institute for Atomic Reactors (NIIAR) research is being conducted on fast reactors. In the

. realm of thermonuclear research two substantial projects were conducted in 1978. One of them was the con-

gtruction by the Institute of Electronic Physics of an instrument for analysis of the interaction of plasma with

a wall. Such an instrument was installed in the T-10 tokamak at the L V. Kurchatov Institute of Atomic Energy.
A considerable contribution to the solution of technological problems was made by research with isotopic
tracers. The use of the results of the work for analysis of processes in chemistry, metallurgy, and coal dress—
ing increased the efficiency of these processes. s :

These are only some examples of work which has been done in recent years in 15 areas of research in the
domain of physics. Basically, this work was aimed at ensuring energy, material, and information, as well as
the development of instrumentation and health protection.

The solution of numerous problems of nuclear research is impossible without international cooperation.
Joint work with specialists of the Soviet Union means much to us. The successes mentioned above and the pro-
blems formulated are at the same time an expression of gratitude for invaluable assistance.
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Faithful to.the behest of Ernst Thaelmann, we know on whose side we stand in the class struggle. "Human
failure" isthe usual conclusion when western atomic power plants experience abreakdown. And the questionis not
asked as to why a human, endowed with talent and ability, proved to be such a weak link in the production sys-
tem controlled by automatic devices that it is best to replace that human by a microprocessor. Thé purpose of
our automation of APP is to provide the human with information and instruments for monitoring and control
while relieving him of heavy physical and monotonous mental work. We: proceed from the premise that atomic
energy and microelectronics are indispensable aids in the construction of a socialist society. Atomic energy
will never be used for the annihilation of mankind; this is the highest demand of our time.
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where, in the one-group approximation,
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ARTICLES

EFFECT OF NONUNIFORMITY OF FUEL DEPLETION
WITH HEIGHT ON THE PHYSICAL CHARACTERISTICS
OF A REACTOR '

A. M. Afanas'ev and B. Z. Torlin | UDC 621.039.51

The development of the reactor for an atomic power station usually passes through several stages. The
early stages are characterized by numerous variant calculations and economic estimates, in which an impor-
tant role is played by the attainable depletion of the fuel (burn-up) S as a function of its initial enrichment, the
parameters of the lattice, the construction of the fuel elements, the method used to cool them, the frequency
of recharging with fuel, and so on, Comparatively simple relationships for estimating the burn-up are proposed
below; they are of acceptible accuracy and they allow for the distorsion of the neutron field with height under '
steady conditions as a result of burn-up and boiling of the coolant. To refine these estimates and also to cal-

_culate the neutron field itself, the isotopic content of the discharged fuel, and a whole string of other param-

eters, we describe a simple and effective method of numerical computation.
Deséribing the neutron field by the diffusion approximation, we write the starting equations in the form:

Hip(2)+1(5,9,2) A (1) =0;
$(0) =1 (H) =96, @

H = (d/dz) Df(dldz); -
A=1; f=1k(S, 9, 2)—11/M2(S, ¢, 2); b=N (z),

and, in the two-group approximation,

d. ;o d 1 . 4 _ 0-1
- Gz dd @l ). s (U .
H“( .4 pe @ 1 )’A—(O; 0)’

L.dpee 1
L% dz thdz L%(S,q,2)

kS =t n(z))
f= O ""_(N(z)'

“The notation here is as follows: Drh(d) = Dth(d) (2» <P)/Dth(d) (zgs 0); Dih and Dy, diffusion coefficients for ther-

mal and delayed neutrons; z,, arbitrary point of the core; k, multiplication factor for thermal neutrons; S(N),
fuel depletion (burn-up); @(N), vapor content; M?, L, 7, square of the migration length, the diffusion length,and
the neutron age; evaluated at Dgy(zg, 0) and Dg(zg, 0); N(z) and n(z), flux density distributions of thermal and
delayed neutrons; and H is the core height. The dependence of k on the depletion S can be calculated as
described in [1]. The dependence of k on the vapor content ¢ we expressed in the following manner:

k(S, @, 2) =k(S, Vo, 2)+ Ak (H, S) g (2) 9 (2)/ @ (H)3

¢(2)= 5 2, (S, 2') N (z') dz’,
hec C
0; 0Lz heg;
‘g(Z)={ hoci @)
1; hee<l2< H,
where 7, is the mean coolant density in the economizer zone; Akk(H, ), change in the multiplication factor due
to vapor formation at the point z=H at depletion S; hec, height of the economizer section, determined from the
equation:

hee H
ngNdz:q \ 2;Ndz.
o °

Translated from Atomnaya Energiya, Vol. 47, No. 3, pp. 152-157, September, 1979, Original article sub-
mitted August 7, 1978, s - - ' .
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Here q is the proportion of energy liberated on the economizer sect1on Zg is the macroscoplc fission cross
section., The dependence. of L2 (S, ¢, z) and Dth(d)(z’ ) on vapor content is expressed ina similar manner.

The dependence of S on N(z) is determined by the manner in whickh the fuel is recharged. We shall con-
sider a continuous recharging regime. In this regime channels.which have been run for the operatmg period T
are replaced by new ones; this process being carried out continuosly and uniformly overthe cross section of the
core. Thus, in ¢ross section z, channels of all ages, from the new to the completely spent, are uniformly dis-
tributed. Accordingly, we. shall assume in the first approximation that the following expressions hold for each z:
Smax ()
k (2, o) =m i k (S, o 2) dS;

Smx(z)'

1 1 : L1 )
L2 (z, %) — S max (®) 3 L*(S, Yo» 2) as,

3)
where Smax(?) is the maximum depletion in cross section z, The sufflx will be omitted in future. As we are
considering the steady state of the reactor, it follows that :

Smax (2) =asT'N (z), ' - . 4)
where g5 is the microscopic absorption cross section of 235U, '

In this manner, the determination of the depletion, the energy distribution, and the other characteristics
of a reactor, reduces to solving Egs. (1)-{), the characteristic feature of which is their nonlinearity.

The approx1mate method of solution is based on perturbatlon theory [2, 3], well known in linear analysis,
The approximate solution is constructed in the. following manner. A hew sought function &(z) is introduced:

@ (z) = S (2)/SH; 5 CD(z) dz=1,
5)

where S is an unknown number, equal, by virtue of definition (5), to the mean depletion of the dlscharged fuel.

After insertion of expressions (2)-(4) into Eq, (1), we obtain:

AX+ 1,4 = —elf, (SO, ¢, 2)—1,) AX; 1= (2((‘3))

with homogeneous boundary conditions and normalization (5). Here f, and f; coincide with Hand f if Dth(d) M2,
Ak (H), and Zg are constants and g(z)=1*; £is an artificially introduced dimensionless parameter in terms of
which the solution x (z) and S is investigated; 1 is the first eigenvalue of the unperturbed problem

By (2) + Iy gy (1) =0 ' @

with the same boundary conditions as Eq. (6). The solution of (7) is found in the form of a power series in &:
r=a (e) ¢+ kgiak‘)(h = a9y + kzisk (e + ar@l; -

R - _

=So+k‘§is S ‘ 8)
Since Eq. (6) is nonlinear, the normalization of x is not arbitrary., With the aid of the coefficient ay, the condi-
tion expressed by (5) is satisfied in each approximation. After approximation of f; by a power series in S, we
insert expression (8) into (6} and demand that the coefficients in front of like powers of € be equal. Allowirg
for normalization (5), we obtain a closed system of linéar equations which can be solved in turn for Xk» @k and
Sk This method of solution will be called the e~method. By analyzing the &~method for the case of slow con-
vergence of the approximations, we were able to develop methods of improving it. Thus, in the course of
solving the problem for an enriched-uranium reactor, a A-method was developed which, even for deep burn-up,
gives for S an estimate with an érror not exceeding 2-3% when the first correction 8, to S; is taken into account.
The scheme whereby the solution is constructed according to this modified method is as follows. Expressions
(2)-(4) are first inserted into Eq. (1) and the latter then written, using (5); in the following form

H X0 £ AL AN = — e [£{(SD, g, 2)—1,] AXD), @

where A is an artificially:-introduced parameter, for A=1, ,x(}‘) =y (z).

*In future, to simplify the final expressions, the approximate sglutiqn is cons!tr}xcted subject to these assump-
tions. o o o T : : : - .
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TABLE 1, Depletion Calculated by Approxiﬁlate and Exact Methods

Akgy (Ako) 4,07 (0,06). , '_9';,13 (0,12) 14,2 (0,18)

Ak, 6 6,0 ol e0° 9,0 0 6,0 9,0 12,0
5p, exact ;‘6,460 11,07 1'5,11_;", 20,06 |° 22,35 24,09 29,22 31,64 33,98
S0 ;6,099 10,60 13,76 18,20 .| 20,45 21,30 25,80 28,05 30,30
"Bu 6,562 11,44 16,},(’)"4 21,76 24,39 | 26,95 33,52 36,58 39,48
i)v m 6,513 11,20 15;;15 29,15 22,56 23,90 28,97 31,43 33,86

_ Assuming tbat S is known and that A is an unknown eigenvalue, we represent the latter'as a series in €
and solve (9) by the method described above. Equating in each m~th approximation jm — 3, 3- Zskxh to unity,

h=1

we obtain an expression with which to determine §(m)

For an enriched-uranium reactor, the multiplication factor k averaged over all S is quite well approx1—
mated by a polynomial of the first degree [4]

kr(z)_ Sk(S)dS' ko— S48

(10)

In this case, for the approximate determmatmn of 8 by the &method, we shall have*:
§© = 5= [Akex+ Al (H) | = 5y St 1)
S = So+S =801 4-1.245. 10‘2S““ AZ/64§%"] :551;” %ﬂf ‘ (12)

where the burn-up reactivity margin Akgy = {kg— 1) Dkpef; A= Akk(l‘)/(l —q)AKkypef; and Akpqr in the one- and
two-group approximations is given, respectively, by Akiif (1r/H) °M? and Ak{d=Ak{¢- (1 +Ak,(2fL2-r/M“)

By the A-method, SM coincides with §0):

Sk =50 {‘H”“”ﬁ“ [ (8 zS‘é”) +V (250 (=) (P —py) |} = Shlbeg by, 1)

1285%”

where B=1.868°10"2%

It can be seen from (11)~ (13) that the convergence of the approximations is determined by the values of
Ak' —Akex/Akref and Ak} = Akk(H)/Akref (i.e., by the burn-up reactivity margin and by the change of reactivity
due to vapor formatlon d1v1ded by Akref) and by the quantity g.

’I‘able 1 shows the results of calculations using formulas (11)-(13) and also the exact values of §b exacl™
SexactAkref/bi obtained numerlcally for various Akg, and Akg for Alﬁ. =0.01184 and q=0, It can be seen that
even for large values of Ak}, formula (13) can be us ed to calculate S to within 1%. .

We note that formula (11) is in good agreement with a more exact expression derived without assuming
the function g(z) to be constant only provided q =0.3 and Akgy/Aki >1. These conditions are normally satisfied.

The effect on S of end reflectors can readily be estimated using the approximate method. Replacing the
reflectors by an effective increase of size up to hgff, we obtain:

S _ Gy H+2keff nheff | : 14
‘S‘h L — S(O) T c0S H+2heff ; ( )
"m Gl '§- (0) _ Theff knheff 1
Sie=Sie[ 25 —28 (°°5 ER TR T ohes) A= (k%—_n]' (15)

W7

*The derivation of expressions (11) and (12) is given in the Appendix.
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The results of an estimate of § using formulas (13)~(15) for a high-powered water-cooled channel (RBMK)
type reactor with h_..=30 cm were compared with the value of S obtained by the numerical method with the
dependence of k, L, Z¢ and g on § taken into account exactly. The approximate value of S=1,37 (which corre-
sponds to a concentration of fission fragments in the discharged fuel of 20 kg/ton U) differed from the exact
value by around 29, :

Usuéllly, in reactors, the fuel is recharged periodically and not continuously, Suppose N rechargings take
place in time T. In this case, in place of expression (10) we shall have:

N
_1 ny N1
k(@)= %k (ST)__k,,—b,TN__ )
. Thus, compared with continuous recharging, N partial replacements of fuel reduces the burn-up by a
factor of N+1/N,* ‘ S o : .
For reactors using natural uranium, k(S) is approximated quite well by a polynomial of the second degreé:

k(S) =g+ by +b,S2. v (16)

The burn-up reactivity margin in these reactors is not large, with the result'that determination of S by
the &-method is sufficiently accurate. For continuous recharging of fuel, ~

So— 05401/ b)2_ A—2 17,

So 0'54_§+V (0.543) 1.62[Akex+AkH(H)w_q) ] a7
S o [g P 5 | Ak (H) 12 1
801 = 50 {1 g [ 20501+ 1,941, 1-0.920501) — (=7 %) e} (18)

where a;=1.855" byby; ay=6.226°1073,

Formula (18) was used to estimate the burn-up of uranium for one of the varfants of the CANDU-BLW
boiling heavy-water reactor using natural uranium dioxide. We obtained §=1.18, which corresponds to a spe-
cific burn-up Wi=7.54 (MW -days)/tonU. This value differs from that given by the numerical method (allowing for
the dependence of L2 and Zg on 8 and for a more exact dependence of k on S than given by (16)) by ~ 29,

Numerical Method of Solution. The approximate method described above, which was based upon per-
turbation theory, is convenient for quick estimates and tentative calculations. For more exact calculations,
however, especially in the case of cores with an inhomogeneous composition, recourse must be made to
numerical methods. The computational algorithm described below can be realized without difficulty, uses little
machine time, and is very useful when one has to perform many variant calculations of the steady-state neu-
tron height field and the depletion distribution. I is based on a sweep (a matrix sweep in the case of a two-
group description of the neutron field) in conjunction with iterations of the source to which all nonlinear terms
are referred. The nonlinearity of the problem means that normalization of the sought solution is not arbitrary.
Accordingly, the normalization of the source on each step of the iteration process that is characteristic for
linear problems is not possible in the present case. For convergence of the iterations great care must be taken
to correctly formulate the right-hand sides of the system (i.e., the source). The rate of convergence of the
iterations can be varied over a wide range by variously formulating the source. When choosing the initial dis-
tribution it is of no less importance not to go outside the region of gravitation towards the sought solution. A
detailed analysis of these questions is given in [6]. As a result of investigations of this sort, the region of per-
missible initial distributions was determined and a scheme of organization of the iteration process was con-
structed that was close to optimum. Compared with the nonoptimal variant, this achieved a considerable re-
duction in the number of iterations (by 2-3 orders of magnitude in some cases)., In the SKUT Iand SKUT II -
programs for constructing the solution of initial equation (1) in the one-group and two-group approximations
respectively, an iteration scheme of the following form is realized:

HAY 0y AW = — 1 (S, @7, )~y ) A+ B (9);

1
o — Voptsm nz/H (1) . (19)

Here ;Iz coincides with f for 1.2= LZand Dgh(g) =Doth(d); the index 0 corresponds to the state for S=0 and

¢=0; B describes the nonlinear dependence of L% on S and ¢, and also of Dih(g) on ¢; wyopt=[ko(1 — 'Yopt) -1|/F;
in the one- and two-group approximations, respectively, the function F(z) equals M?,(z) and 7(2); Yopt isa
parameter whose value is chosen to give the best convergence of the iterations, ‘

*This sort of'conclnusion‘was first obtained in‘:[5] under aimosttthe same _aiésuxﬁptioné as here,
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Fig. 1. Dependence of number of iterations m for &= 10~* on v for various ini-
tial multiplication factors ky for (M/H)?=0.0012: 1) k=1.06; Yopt=0.09; 2)
ko=1.15; Yopt=0.24; 3) ko=1.30; Yopt=0.44. ' ‘

Flg. 2. Dependence of number of iterations m for &= 10~% on Ak=ky—1: 1)
(M/H)2=0.0012; 2) v=1; (M/H)2=0.0003; 3) ¥="Yopt; (M/H)?=0,0012 and
(M/H)z— 0.0003.

It is shown in [6] that, for enriched-uranium reactors, for which a linear dependence of k on § is more
valid, Yot should be taken to be Yot = =2Akgy/ko when Ako> 3Akref and Yopt= 4Aky/3ky when 1 <Ak0/Akref<3
where Akgy=Ak)—Akper+ Aki (H) (1—2q)/2 (1—q); aky=k,—1; aky, kqand Akref denote averages with sin®rz/H.

Figures 1 and 2 show the effect of the parameter v on the number of iterations m* for the case of a homo-

geneous reactor without boiling of the coolant. Varying ¥ from 1 to ¥, leads to a substantial reduction in the
number of iterations for the entire investigated range of variation of A?( (see Fig. 2).

‘ An error of, e.g., 10% in the determination of ¥ increases m by only 3-5 iterations, as can be seen
from Fig. 1. This gives grounds for hoping that an imprecise determination of Yopt will only have an insignifi-
cant effect on the iteration process.

For a natural-uranium reactor Yopt is taken to equal 3AEex/Eo.

. The SKUT Iand SKUT H programs are written in FORTRAN for the high-speed BESM-6 computer. The
time to compute the burn-up, the energy distribution, the isotopic composition of the depleted fuel, and other
reactor characteristics amounts in all to a few seconds.

7

APPENDIX

After insertion of Eqs. (2)-(5) and Eq. (10) into (1), we write the latter (in the case of the one-group
description of the neutron field) in the following form, convenient for constructing an approximate solution:

AD+ D= —s[Akéx——%:S"b(D—i—A' (S ®(z')dz' —q )J @; DO)=P()=0;
0 o

20)
E Y
S (2) = 78, ® (2) /bi; 5 O(z)dz=1,
0 1)
, Aky (H)
where A=-7; o M (Ako red) Akt A" =Ty kgt 012 /Dot Alrer= ( ) M.
*m is the number of iterations required to obtain a solution with a prescribed relative error &,
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The solution of (20) is found in the form of a power series in &:

» (I)—ao(I)0+ 2 ®h+ak®o]1 : ‘ (22)

k=1

Sy =840+ Z " Sp.n-
k=1

We insert (22) into (20), equate coefficients of like powers of &, and utilize normalization .(21), when we obtain:

Dy=sinz; a;=1/2;

ADy+ Oy = — [Akg,r—;lg‘b,odo(bo + A’ (ao 5‘ @, (zf) dz'—q)] a Dy = — FyasdD,; . " (23)
0

n
| N
a=—3z 5 D, (z) dz;
° .
CAQ, + Dy = — Fy (Dy+ a;Dy) — F1a,®y; _ (24)

ay= —%5 d)z(z)dfz
]

where Fy= — 3 (Suo (Do) + 552000l +4° | (Oy+0a,D) ds'.
) . . 0 )
Inhomogeneous equations (24) and (25) have a unique solution only if their fight—hand. sides are orthogonal to &,:
n n . ' x
S Foq)oq)odz ~0; S Fo (@4 a,@y) Dodz + \ Fya,®,®odz = 0. 25)
0 0

Thus, if the &y.;(z) are known, quadratures can be used to obtam qb in the k-th approx1mat10n. The solu-
tion &y we seek in the form .

@, = D\C¥ sin ma. (26)
ms=1 .

Insertion of (26). into (24) and (25) gives the following relatlonshlps with which to determme C(k) (m = 1):
' @7

CY =t _i_ S Fo®, sin mz dz;
| .

m2—1

m2

. n
@ 1 '
@t _32? S‘ (Fo (D, -+ a,®,) + Fia,D,) sin mz dz.
" e .

On evaluating the integrals in expressions (25) and (27) and carrying out some manipulations, we arrive at
formulas (10) and (11). -
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POWER EFFECT OF REACTIVITY IN FAST POWER REACTOR
WITH A.LL.QWANCE FOR BEHAVIOR OF FUEL UNDER
IRRADIATION

G. M. Pshakin and A. A. Proshkin | 'UDC 621.039.526

The total power effect of reactivity in a fast power reactor is the sum total of separate effects (1, 2]. The
main contribution (90%) comes from the Doppler effect and axial expansion of the fuel slug in fuel elements -
which depend directly on the fuel temperature under steady-state and transient operating conditions,

Depending on the history of reactor operation and the fuel burn-up attained, the thermal conditions of fuel
elements with oxide fuel may vary between wide limits at one and the same power level; this results in power
effects of various magnitude. On the basis of numerous experimental data we can distinguish the three most
characteristic operating modes of fuel elements and these will be described below. These modes can be es-
tablished either over the entire volume of the reactor core or in separate parts of it, depending on the power
level.

At the present time, a large volume of experimental data on the power effect of reactivity and its vari-
ation during operation of the plant has been accumulated on the BN-350. This allows a comprehensive verifi-
cation of methods for calculating the thermal conditions of fuel elements and the power effect of reactivity with
allowance for the history of reactor operation. ‘

Effect of Thermal Loads and Irradiation on Fuel-Transfer Conditions

in Fuel Elements of Fast Reactors

“The characteristic features of the behavior of oxide fuel under irradiation and when various thermalloads
act on it were considered in detail in [3-11]. It was shown that in the fuel elements of fast power reactors with
oxide fuel, under high thermal loads (linear thermal load q; 3350 W/em) there is mass transfer of fuel from the
center to the periphery and formation of three structural zones along the radius, i.e., one of columnar g-rams,
one of equiaxed grains, and one of the original structure. As a result, contact between the fuel and the can.is
established quite quickly.

With reduced thermal loads (q; < 350 W/cm), when there is no process of mtenswe restructumng, two
most characteristic modes of fuel-element operation can be distinguished:

a) a low level of thermal loads, when the thermal stresses arising as the result of the temperature drop
over the radius of the fuel slug do not cause the integrity of the fuel core to be disturbed;

b) an intermediate mode of fuel-element operation when the level of the thermal loads is such that the
thermal stresses do affect the integrity of the fuel slug; healing of the cracks formed because of mass transfer
takes place slowly (in comparison with the operating time of the fuel elements) owing to the comparatively low
temperature gradient and temperature of the fuel element.

Let us consider each mode.

Low Thermal Loads on Fuel Element. In this mode the gap between the fuel and the can is determined by
the swelling of the fuel and can and their thermal expansmn. The thermal load at which there is no crackmg of
the fuel is found from the condition

er < e 1)

where g is the rate of thermal stain, &,=f£(T, &, B) is the breaking strain of the fuel, which is dependent on the
temperature T, the loading rate £, and the burn-up 8.

The rate of thermal strain on the inner and outer surfaces of a cylinder is easily determined by usingthe
results of [9, 10]:

Translated from Atomnaya &pergiya, Vol. 47, No. 3, pp. 157-161, September, 1979. Original article sub-
mitted July 17, 1978; revision submitted November 17, 1978.

. 0038-531X/79/4703- 0703$07.50 ©1980 Plenum Publishing Corporation ' 703

Declassified and Approved For Release 2013/02/15 : CIA-RDP1 0-02196R000800020003-2



Declassified and Approved For Release 2013/02/15 : CIA-RDP10-02196R000800020003-2

&1 = [ag/(1—p )] AT¢k, )

where of and uf are the coefficient of linear expansion and the Poisson coefficient for the material of the fuel,
ATy is the temperature drop over the radius of the fuel slug as determined from known solutions of the heat
conduction equations for a hollow cylinder with uniformly distributed internal heat sources, k= [iYb2=a?]—
(b2—a2_)/2[b2—a2—.2a2 (Inb/a)] is a geometric parameter in which b and a are the outer and inner radii of the fuel
slug, and i=q for r=b and i=b for r =q (here r is the running radius).

When we take the relations for AT; into account, Eq. (2) gives the value of the linear thermal load q; at
which the fuel slug retains its integrity; s '
| : a<dah e, (1—p Vakt, ©)
where Af is the thermal conductivity of the fuel, depéhding on the temperature and density of the fuel (see, e.g.,
f6l);

¢ __ f $2{b®—a2—2q2 (In b/a)] 1
k' = { (b2—a?)? _‘2‘).

For a brittle material in which fracture begins in the elastic region, we can employ the criterion of maxi-

mum allowable stress, i.e., 0; <oy, and then Eo. (3) becomes
, @< b0, (1 ~p)/a BN, @)

where o, =£(T, ¢, ) is the ultimate strength of the brittle material and E is Young's modulus, It should be
noted that the indeterminacy in the properties of the fuel material under the conditions of irradiation can result
in deviations in the valuesfoundfor q;. I we use the data for unirradiated uranium oxide in the temperature
range from 500 to 1000°C {11], then we can find that for q; =70-100 Wem the slug will preserve its integrity.

Up to the level of loads determined by Eq. (3) or (4) the temperature drop between the inner surface of the
can and the surface of the fuel is calculated from the model of a conducting gas gap [3]. :

The thermal conductivity of the medium in the gap is determined with allowance for the composition of
the gas mixture (initial helium +gaseous fission products) and its temperature [12]. The composition of the
mixture can be found as a function of the thermal conditions and the burn-up of the fuel on the basis of the data
of [6, 13]. The can and fuel dimensions necessary for finding the thermal conductivity of the gap can be found
from the solution of the equation for the deformed state of the fuel element in accordance with the "gas model"
of the fuel—can interaction [14], Since the thermal conductivity of the gaseous medium in the gap and the fuel
and can dimensions depend on the temperature, the temperature drop across the gap is determined by several
iterations until the required accuracy’is attained. '

Intermediate Operating Conditions of Fuel Elements. When the level of thermal loads exceeds the value
given by Eq. (3) or (4), the fuel begins to crack and the conducting-gas-gap model becomes physically unreal.
A more realistic model should take account of the contact established between fuel and can, at leastonalimited
area. This model has come to be known asthe contact-conductivitymodel [3]. The known relations [3,15] for
this model include various constants which can be found only experimentally and this hinders the use of a com-
putational approach to the determination of the fuel temperature, Experimental data on the contact conduc-
tivity for intermediate operating conditions for fuel elements (100 <q; <350 Wem) show that it lies within the
interval 0.2-0.45 W/(cm?- deg), depending on the initial gap and thermal load [3, 13].

High Thermal Loads on Fuel Elements. With a thermalload d; >350 Wem the temperature is found to be
high and the temperature gradients over the radius of the fuel slug is found to be large, resulting in the mass
transfer of fuel from the center to the periphery and healing of the cracks formed. The restructured fuel comes
in contact with the can and thus the conditions of heat transfer in the fuel element, These transformations pro-
ceed quite rapidly andthehigher q; is, the more rapidly they occur, As in the case of intermediate conditions,
the temperature drop between the fuel and the can for this case is found from the contact-conductivity model,
On the basis of numerous experiments it was shown [3, 15] that the coefficient o of contact conductivity [Wem?-
sec] depends on the contact pressure, the state of the contacting surfaces, their temperature, etc. The negli-
gible effect of the gaseous medium in this case is explained by the fact that the main part of the heat is trans-
ferred through the contacting surfaces {3].

Analysis of the various experiments [3-5, 15] allows the following empirical relation to be assumed for
a, forthermalloads q; >350 Wem:

e = (% + %P + %yp?) + a5 exp (oT), : (5)
where a)=0.45, @y=0.184"* 1073, @,=0.63°107%, 03=0.035, a;=0.9°1073, T is the mean temperature in the gap
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(in °K), and D is the contact pressure at the fuel—can interface (kg/cm? which is found from the solution of the
problem of fuel —can interactionaccordingto the contact model [14]. The temperature distribution over the
radius of the fuel slug in this case should be carried out with allowance for changes in its geometry as the
result of mass transfer of the fuel. The change in the size of the inner opening and the outer diameter of the
slug can be obtained from the condition that the mass of the fuel and the temperatures at which growth of
columnar and equiaxed grains occur remain constant. Analytically, this can be written as

Te

Lsrfein [f_gi_ 953l |= { ¢ (7)dl;
2(1—63)[ be p°“pc} ]

Th
. . Te : !
gsrfein [4_ = _omnd]= | Me(T)dT; - ' :
2(1—93)[ *n _po ce] T\ = - ®

o — W Vo _ Ye—%Ve o2 Ve—Vi 52
Po l/ " Ye T Pe+ Ye Pe,

where T.=1750°C is the temperature of the onset of columnar-grain formation [3, 6, 8], Tg=1450°C is the tem-
perature of the onset of equiaxed-grain formation (3, 6, 81, 7i and v, are the initial and effective fuel densities,
respectively, in the cross section of the fuel element, Y and Ye are the densities of the material in the zone of
 columnar and equiaxed grains, respectively, and py=a/r¢; in» Pe= Fe/Ticins and Pe=To/Tfc in AT, respectively,

" the radii of the opening and of the zones of equiaxed and columnar grains, transferred to the inner radius of the
" fuel-element can.

The three characteristic modes considered above for fuel elements of a fast power reactor cannot always ‘
be realized during reactor operation. Modes of operation in which power is built up at the outset of reactor
operation, after shut-downs for recharging after an emergency signal, transitions from a reduced power to a
higher level, and vice versa —all of this can result in various combinations of characteristic operating modes
for fuel elements, thermal conditions for the fuel, and therefore to various manifestations of power reactivity

effects. ' ' ' ’ '

Analysis of Thermal Conditions of Fuel and Power Reactivity Effect

of Fast Reactor with Account for Its Operating Conditions

Let us consider the effect of variations in the fuel temperature durihg operation of a fast reactor on the
total power effect and its components: :

The sodium component of the power effect is determined as [16]:

S [ dp\i AT dp (e si (7)
PNa = 2 (T‘;)Na 71+(_£)Na (AT:+AL e s, ‘
i=1 ’ .
where n is the number of thrqttling.zones in the reactor; (ap/ajl)iNa, sodium component of the i-th zone in the
isothermal temperature coefficient of reactivity; (ap/B’I)‘I{I'e'S'l, sodium component of the end shield above the
throttling zone to the isothermal temperature coefficient of reactivity; and ATj and ATy e.s.i» Fespectively, the

heating of sodium in the i-th zone and the upper end shield above that zone.

The changes in coolant heating during operating at fixed reactor power are negligible and have practically
no effect on the total power effect of reactivity. According to estimates, the variations in the sodium compo-
nent owing to the isotope composition of the fuel are about 179 and this results in a slight reduction in the total
power effect since the sodium component contributes only 4-69% to it [1, 16]. The sodium heating increases
linearly with the power level and this relation is not altered with the fuel burn-up.

. The radial part of the geometric component in the power effect is determined only by the heating of the
walls of the fuel-assembly walls. This component is not related directly to the fuel temperature and its value
in the total power effect does not exceed ~7%.

The axial part of the geometric component in the power effect is determined by
P:= a“fA?'f )
where oy and A—T'f are the coefficient of linear expansion and the mean temperature drop in the fuel, respectively,

and a is a proportionality factor which depends weakly on the fuel burn-up (for BN-350, a="0.222 and —0.2136
" for fresh and spent fuel, respectively). :

' Thus, this component is determined almost completely by the fuel temperature. In calculating the effect
of the axial expansion of the fuel it is necessary to take account of the interaction of the fuel with the can. At

®)
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Fig. 1. Power effect of reactivity vs power

level in BN-350 for fuel temperature calculated
from only conducting-gas-gap model ( ) and
with allowance for fuel cracking (———): 1) -
"fresh" fuel; 2, 3) burn-up of 2 and 5% (calcu-
lation); ®) power start-up; O, A, @, A) burn-up

of ~2, 3, 4, and 5.5% (experiment).

low thermal loads the increase in the he1ght of the fuel rod can be regarded as free expansion and the effect of
reactivity can be calculated from Eq. (8). For the mode of high thermal loads it is necessary to take account
of the possibility of the can restraining the expansion of the fuel rod.

The Doppler effect during power build-up in a fast i'eactor is given by [17]

T ©)
op, = 5 { pD(z r)drdT,

Vv Tn .
where pp(T, r) is the Doppler coefficient of reactivity for a unit volume dr at a fuel temperature T; V, reactor
volume; and Tjand T, temperatures of the fuel at zero and operating power levels, respectively, Computa-
tional studies showed that the change in the Doppler constant as a function of the fuel burn-up is extremely’
small for the BN-350. Therefore, the change in the Doppler effect as the fuel burns up is due mainly to a
change in the thermal conditions of the fuel elements.

v Let us consider the variation in the power effects of reactivity in the BN-350 as observed durmg' oper-
~ ation [16, 18, 19] by using the technique of determining the temperature for characteristic operatmg modes for
the fuel elements, :

Measurements of the Power Effect during Power Start-Up. At the time of pbwer start-up [16] the reactor

_~ core was made up of "fresh" fuel assemblies. The fuel elements had a purely helium medium in the contactgap.

During the measurements the reactor was brought up to a power level of 260 MW [16], which resulted in a linear

thermal flux at the most stressedpoint, q; ~ 100 Wem. With this thermal load the fuel rods retain their inte-

grity-and the temperature field can be calculated from the conducting-gas-gap model. The experimental and

calculated values of the power effect for the power start-up measurements are given in Fig. 1. The agreement
- between the experiment and calculations can be considered satisfactory.

Measurement of the Power Effect after Reactor Operation at Low Power Levels. In the initial stage of
reactor operation, when the fuel burn-up was ~2%, the power effect of the reactivity was measured at various
power levels up to 550 MW [16]. The level of thermal loads in the fuel elements during the measurements
reached ~ 200 Wem, :
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As in the previous case, the computational model of the reactor was divided into separate zones inr, z
geometry and the calculation was carried out according to the mean heat release in them, The volume of the
zones was chosen so that the nonuniformity of the heat release in them would not exceed ~ ~5%. As the power
level increased, a computational model was chosen for each zone in accordance with the heat load. At q; > 100
Wem the fuel temperature was calculated from the conducting-gas-gap model; at q; > 100 W/em, according to
the contact-conductivity model and @, was calculated by means of linear interpolation with respect to q;
between two extreme values: ,=0.2 Wem?* deg for q; = 100 W/cm and 0.45 W/cm? »deg for q; = 350 W/cm,

Measurement of the Power Effect in Intermediate Steady State. While operating at a power level of 650
MW the reactor reached the design burn-up of 5% (18] and began .o operate in a settled intermediate steady
state. During this period the power effect was measured once again [19]. The level of the thermal loads at a
power of 650 MW was 220 Wem. The calculation for this case was carried out in the same way as for the pre-
vious measurements, with account for the burn-up attained (see Fig. 1). Comparison of these results with the
experiment reveals quite good agreement, The fact that the calculated values are slightly higher than the
experimental values indicates better heat transfer condmons in the fuel elements in reality that assumed inthe
calculatlons

Conclusions. The proposed computational approaches for debermmmg the thermal conditions of the fuel.
elements with allowance for their operating history have made it possible to bring closer together the calcu-
lated and experimental values of the power effect of reactivity and its dependence on the power level in the BN-
350. ' : .

Analysis of the causes of the divergence of the experimental and calculated values of the power effect of
reactivity showed that these divergences, as well as changes in the effect during operation, are due mainly to
the thermal conditions of the fuel elements. The principal indeterminacy in the calculation of the thermal con-
ditions of the fuel elements is due to the contact thermal conductivity and its variation with the operating con-
ditions of the fuel elements in the reactor. In order to eliminate this indeterminacy it is necessary to carry
out experimental investigations to ascertain the contact thermal conductivity as well as to refine the physico-
mechanical properties of the fuel (thermal conductivity, ultlmate strength, etc.) as a function of the burn-upand
temperature. :
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THEORETICAL AND EXPERIMENTAL INVES TIGA TION
OF SODIUM VOID EFFECT OF REACTIVITY

S. P. Belov, P. V. Gerasimov, UDC 621.039.526
Yu. A, Kazanskii, V. I. Matveev,
G. M. Pshakin, and P. L., Tyutyunnikov

In analysis of the safety of fast reactors under design it is absolutely necessary to consider emergency
situations due to partial or complete loss of coolant from the reactor core. For power reactors with a high
unit power this problem becomes particularly acute since in this case the loss of sodium from the reactor core
may result in a large (~1% Ak/k) positive reactivity effect. :

An emergency situation with escape of coolant is considered both for complete drainage of the reactor and
within the framework of a local failure when the coolant escapes from one fuel assembly (FA) or molecule
(7 FA). Studies on the dynamics of reactivity variations during local failures are of particular interest since
they provide the necessary information for diagnosis of an operating reactor. The methods used to calculate
the sodium-void effect of reactivity (SVER) were verified on uranium critical assemblies~-models BOR-60
(assembly BFS-21), BN-350 (assembly BFS-22), BN-600 (assembly BFS-24), as well as directly on BN-350,

Method of Calculation of SVER

At the present time the multigroup diffusion approximation is the most widespreadly used technique in
design calculations, including calculations. to determine the SVER, In view of this, in calculations of SVER
experiments performed on critical assemblies, the present authors resorted primarily to computational pro-
grams realizing this approximation,

The value of SVER can be found by both the direct method (from the change in the effective multiplication
factor) and from perturbation theory. The applicability of perturbation theory in SVER calculations with the
introduction of the necessary corrections is quite substantiated [1]. The overall SVER can be calculated by this

. method as well as by others. The local SVER can be calculated only with perturbation theory.

For SVER calculations use was made of the BNAB-70 catalog of microconstants with various ways of
preparing the macroconstants when solving a reactor problem: in the traditional group [2] and subgroup [3]
approximations, The calculations are carried out in one-dimensional [2] and two-dimensional [4] geometries.
One of the main difficulties in SVER calculations is its sensitivity to the nuclear data used.

- Experimental Methods of Studying SVER

Experimentally, SVER is determined as the difference between the reactivitystates of the system (reactor
or critical assembly) with and without sodium in a chosen volume. The principal difficulty in performing such
experiments is associated with ensuring that the other parameters of the system remain constant when the
- sodium is removed. The sodium is removed from critical assemblies in the following way on BFS stands.

Reassembly of Experimental Ports, The SVER is measured in this way for considerable volumes. The
method is laborious since it is necessary to replace the sodium slugs with cans of sodium slugs in a large num-
ber of cells. It was determined that the statistical error of reactivity measurement with one experimental port
of the BFS stand reassembled, calculated as the rms deviation with repeated reassemblies, is + 8 "1077 Ak/k
and with reassembly of n ports is vn times larger.

Measurement of the Efficiency of the "Sodium Tube." In this case, measurements are made of the reac-
tivity effect from replacement of a port filled with sodium slugs by a port filled with empty cans. The height of
the "sodium column® is equal to the height of the reactor core and the end parts are filled with the same mater-
ial as are the adjacent experimental ports. This mode of measurement has a number of experimental advan-
tages but is more involved from the point of view of its computational interpretation owing to the necessity of
taking account of the anisotropy of neutron diffusion over the empty port.

Translated from Atomnaya f)nergiya, Vol. 47, No. 3, pp. 161-164, September, 1979. Original article sub~-
mitted September 21, 1978. :
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TABLE 1. SVER in FBFS-21 Critical Assem-
bly, 10~4 Ak/k :

Method of - No.of ports reassembled
calculation* E

1 7 19 37 - 50
Expt. < T —2,8%| 21+ | —74% | 146 —194+

Calc.by pertur- | —3.5 | 28,7 | —84 | —166 | —238
bation theory ° ,
gBNAI%-64 con-
Cale.by jpertur- | —3,8 | —30,8 | —90,3| —178 245
bation theory
(BNAB-79 con- :
stants)
Directcalec.in —21
I, Zz geomefry

*The calculated value of Be¢r was used in
determining the reactivity in units of Ak/k.

Slow Oscillator Method. An experimental rod with the compdsition of the reactor core is moved over the

" height by a lifting mechanismso that a chosen volume containing no sodium ("sodium void"™ can be withdrawn

from the center of the reactor core beyond the end shield right during the process of measurement, The change
in the neutron density in the critical assembly as the result of this displacement is recorded in the memory of
a computer and is processed by solving the transformed kinetic equation [5]. In a 2-h cycle of measurements
(20 pairs of displacements) the error in the determination of the change in reactivity with the introduction of a
sodium void is (2-4) *10”7 Ak/k; in this case a correction is made for the drift of the system reactivity with
time,

The method for unsealing fuel assemblies in a power reactor consists in the following: the state of the
reactor in respect of reactivity is determined with hermetically sealed fuel assemblies (FA) inserted; they are
then withdrawn, unsealed, and loaded into the reactor, after which the state of reactivity is determined with the
controls in the same position. The main difficulty in such an experiment is that of reproducing the same state
in respect of coolant temperature and position of controls after the FA have been reloaded. Careful monitoring
of the position and calibration of the controls, measurement of the coolant temperature during the experiment,
and prior determination of the isothermal temperature coefficient of reactivity make it possible to quite pro-
perly introduce the necessary corrections and to have a total error of + 3- 10~% Ak/k for such an experiment,
e.g., in a BN-350 reactor.

Results of Experimental and Theoretical Investigations on SVER

BFS-21 Critical Assembly, a Model of the BOR-60 Reactor. Inthe model of the reactor (as well as in

" the BOR-60 reactor itself) the SVER depends mainly on the leakage components. In the experiments we

employed the method of reassembling fuel rods [6]. The change in the reactivity was determined from the
change in the multiplication in the system in the subcritical state as well as before the reactor core was charged
up to the critical state. The calculations were carried out according to the perturbation theory and by thedirect
method (Table 1). -

Comparison of calculation with the SVER experiment for the BFS-21 assembly shows that calculation over-
estimates the leakage components in SVER by 10-20%.

BFS-22 Assembly, a Model of the BN-350 Reactor. This assembly was used to measure the SVER
around the central boron rod with an efficiency of ~1% Ak /k [7]. The formulation of such an experiment was
motivated by the fact that for reactors with a core volume exceeding 1000 liters and with an overall negative
SVER there are separate regions with positive SVER since the moderation component near the absorbing rods
becomes substantially more positive. A

Measurement of SVER on the BFS-22 assembly was carried out by the method of reassembling the tech-
nological ports and the reactivity was determined from the period required to build up the power. The calcu~
lations were performed by perturbation theory with a correction for unblocking the resonance cross sections of
uranium as well as by the direct method. Comparison of the experimental and calculated values of the SVER
for the BFS-22 assembly (Table 2) shows that calculation overestimates the absolute value of the moderation
components but quite correctly describes the SVER distribution around a highly absorbing rod.
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. TABLE 2. SVER in BFS-22 Critical Assem-
bly with Absorbing Rod in Genter of Core,

104 Ak/k o
- T Calc.by periCalc b
No. |Total .. turb‘atig,npe d'a },%t r¥1e-
No. of ir
of - 'ox'-'ts in Expt. t_peory(BNAvEthod(BNAB--
row ! F°w< 1 L - '70 constants) ’lo comtans)‘
1 10 10,4 | 41,69 -
2 16 | £0,47%0,1 +1,18 —
3 33 —0,6470,4f | 40,18 -
4 28 —2,52%0,18 | —0,92 -
5 34 —4,127%0,24 —2,12 -
6 40 —6,5+0,25 | —3.48 —
7 4 | —9,657%0,46 | —5,66 -
7. ‘
Sl 19 | —21,941,0 —9,43 | —5,16
i=1

BFS-24, a Model of the BN-600 Reactor. The SVER in the BFS-24 critical assembly with a fully inserted
system of absorbing compensators was studied by two methods [8]: by the method of reassembly in the 60°
sector and by the sodium tube method. The calculations were carried out in accordance with perturbation
theory, . '

Figure 1 shows the distribution of the efficiency of the sodium tube in the three most characteristic
radial directions. The value of the overall SVER in the BFS-24 critical assembly for the 60° sector is =3.7 -
10™* Ak/k (calculation) whereas in experiment by the method of reassembly and integration the sodium tube
efficiencies are 4.6 0.2) *10~* and 9.0 £ 0.5) - 10~* Ak/k, respectively. The considerable difference in the
experimental values is due to the inadequacy of the geometry during the measurements.

Comparing the calculated and experimental distributi‘_On o_f t_'.he sodium-tube efficiency (See Fig; 1), wé can
say that calculation underestimates the absolute value of _fhe SVER but quite correctly describes the character
. of its volume distribution in the reactor with a system of absorbing rods.

In the model of the BN-600 reactor without boron compensators the SVER was measured for the central
region of the core by the reassémbly method and the sodium void (height 40 cm) was moved by the slow-oscil-
lator method over the height of the reactor from the central plane beyond the énd reflector. The most char-
acteristic height distributions of thé SVER are given in' Fig. 2.

For the central region we obtainéd experimental SVER values by using various measuring methods: slow.
oscillator (central port) (-6.25 0.30) - 10~® Ak/k; reassembly of 7 ports in center (~51.84 = 0.52) * 10~ Ak/k:
reassembly of 19 ports in center (—5.76 + 0,52) - 10~¢ Ak/K,

IZJ)‘ : 00

107k /k

-3 L ) Lo,

Fig. 1. Radial distribution of efficiency of sodium tube in
BFS-24 critical assembly through cell of safety rod [—) cal-
culation; O) experiment]; through boron compensator of first
ring [-—-) calculation; @) experiment]; through boron com=-
pensator of second ring [~—=) calculation; A) experiment},
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Fig. 2. Axial distribution of efficiency of
sodium void (h=40 ¢m) in center of BFS-24
critical assembly [1) calculation; A) experi-
ment] and at interface between reactor core
and side shield [2) calculation; O) experiment],

The agreement between the experimental values obtained by various methods of measurement indicates
the additivity of the effect under an increase in the volume from which the sodium is removed. This makes it
possible to determine SVER for various volumes, taking account of the spatial distribution measured by the
slow=-oscillator method.

Calculatiohs by the perturbation theory (Table 3) once again confirmed the conclusions from experiments
on other BFS vr1t1cal assemblies:

the spatial distribution of the SVER is described qu1te correctly by calculations accordmg to perturbatlon
theory;

calculation underestimates the absolute value of the effect, espec'ially in the central region in which the
moderation component predominates.

BN-350 Reactor. Measurements of SVER in the BN-350 were made by the method of unsealing two or
three experimental -fuel assemblies at one time [9]. The experimental and calculated SVER values per BN-350 -

. fuel assembly are given in Table 4. Experimental and theoretlcal 1nvest1gat10ns of qVER in the BN-350 con-

firmed the results of studies on critical assemblies.
Generalizing the results of SVER studies on the.BFS and BN-350 critical assemblies, we can make the
following conclusions. The divergence between the experiment and calculatlons for the overall SVER reaches

TABLE 3. SVER in Model of BN-600 Reactor
w1thout Boron Compensators

Posicion of Vol. from Quam’ny Reactivity effect, 10-*
podium which Na _|ofsodium) - ak/k

void is removed,iremoved,

hters kg expt. calc.

Atcenter(b={ 17,1 4,75 —1,09+0,06 | —0,453
140cm,

ports)”

At center (h= 79,1 20,9 —6,304+0,35 | —5,04
Heore, 36

Atpe:)iphery 156,5 43,3 | —10,0+0,4 | -7,33
| (h=Heore, '

71 ports)
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TABLE 4, SVER in BN<350 Reactor, 10-5

'Ak/ k
) Distance] 1 = Calg,

Site of |from 4 Jtwo-dim-~|
|measurement |centerof | Expt, ensiona] ‘| perturb.|
| | core, cm’ _‘Eerturb theory*

- heory

Low-enrich- - [ 9,85 | —6,744,5]  —3,0 —5,8 ]

| ment zone 19,7 —4,641,56| —3,4 —6,0 |
39,4 | —0,5%1,5{ —5,5 | —6,6

i 54,6 |—10,4%1,51 —8,4 | —7.6 |
{High-enrich- 59 —7,4+1,01 —9,6 —8,0

ment Zone 69 ~9,8%1,0 ] —13,1 —8,7

78,7 —8,8+1,01 —7,1 —5,2

lsme;d 98,5 | —1,8¥1,5| —0,2 | —0.2

*In the one—dlmensxonal calculations a SVER
eorrection-for the end shields, obtamed from
dlrect two~dimens 1ona1 calculations, was 1ntro-
duced.

30% and for the local coefficient it is 150-200%. 'The main cause of these differences is the consistent over-
estlmatlon of the pos1t1ve moderation component by the diffusion multigroup approximation. Some overesti-
matlon of the negatlve leakage component (see experlments on BFS-24 assembly) compensate for the overesti-
mation of the positive part of the overall SVER for reactors of the BN-350 and BN-600 types. Obviously, for
reactors with a large core volume, and especially with plutonium fuel, in which the moderation component will
play the principal role, the difference between experiment and calculation in the overall SVER will exceed 30%.
One of the main causes of the difference lies in the errors of the system of constants used, Thus, it was shown’
in [10] that the constant component of the error of SVER calculatlons with the BNAB-7( catalog is equal to
roughly 0.5% Ak/k in the overall SVER.
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MINIMIZA TION OF LOSS OF ENERGY OUTPUT BY SYSTEM
OF REACTORS OPERATING WITH A VARIABLE LOAD SCHEDULE

V. I. Naumov and A. M. Zagrebaev UDC 621.039.516.2

The necessity for atomic power plants to operate with a variable 24~h load schedule [1] requires that a
reactivity margin be reserved to compensate for transient xenon poisoning. The magnitude of that margin
depends on the length of time for which the reactor must operate at reduced power W, on the degree of reactor
power reduction €= W/ Wy (where Wy is the nominal reactor power), and on other characteristics. In the point
model of a reactor the reactivity margin ensuring that the plant operates at reduced power £€Wp for any length
of time is Ap = Xpax — Xy, Where xr-and Xmax are the equilibrium and maximum (after the power reduction) con-
centrations of xenon, normalized to v, /6, (0x is the xenon absorption cross section, Zf is the macroscopic
fission cross section of the reactor core, and ys is the mean number of secondary neutrons per fission event).

Reservation of a reactivity margin for transient xenon poisoning results in a loss of energy output, AQ=
Qmax —Q» Where Quax and Q are the energy outputs of the reactor during operation according to the basic
schedule and & variable 24-h load schedule, respectively. The energy output loss can be associated with the
reserved reactivity margin by the linear relation {2] AQ = Ap/e, where g is the burn-up rate at the end of the
run.* '

Anatomic power plant may comprise several reactors with different characteristics (nominal electric
power, burn-up rate, etc.). With a limited reactivity margin, e.g., for reactors with continuous fuel recharging
or for reactors with discrete recharging at the end of a run, there arises the problem of optimizing the dis-
tribution of reactivity margins in the system of reactors in the power plant in order to minimize energy output
losses while carrying out the given schedule of a daily reduction in the power of the plant.t

The probiem is formulated as follows: find the distribution of the operational reactivity margihs which
minimize the linear form '
N N o . @
Z AQi= 2 Ap,-/aizS . )
i=1

i=1

with the 'constraiints

N
D i (Ap)) =
i=1

where N is the number of reactors in the atomic power plant; §;, fraction of electric power from the i=th reac-

N .
tor; &, = W,/ 3 Win &1, degree of power reduction in the i-th reactor; and o, prescribed degree of power
. i=1 . :

reduction in the entire plant,

“ Note that optimization is possible only if 0 <« <1 since for @=0 and a=1 the values of the operational
reactivity margins are determined by Apj=Api max and Apj=0. The effect from optimization, therefore, has
its most pronounced impact in the middle part of the regulated range.

Figure 1 shows the plot of &Ap) for various values of the nominal neutron flux densities with the assump-

tion of an instantaneous reduction in reactor power. With a nominal neutron flux density ~ 103 neutrons/cm?-

*For a reactor with continuous fuel recharging, the quantity a is taken to mean the proportionality factor between
the reactivity margin and the corresponding energy output loss,

+Modes of changes in the power of reactors operating in a system were optimized in [3] from the point of view

of minimum absorption in xenon.

Translated from Atomnaya flnergiya, Vol. 47, No. 3, pp. 165-166, September, 1979. Original article sub-
mitted September 25, 1978, '
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Fig, 1. Degree of reactor power reduction vs ;jea_ctivity margin for neutron
flux densities: 1) ¢=5-10'3; 2) 4- 10%3; 3) 310%* neutrons/cm?* sec.

Fig. 2. Graphical inte_ljpr"etatio'n of solution of optimization problem for sys~
tem of reactors.

sec the €(Ap) relation is nonlinear. Thé optimization problem formulated belongs to the class of nonlinear pro-
gramming problems and in thé general c¢ase is solved numericaily. ' ‘
In order to obtain qualitative results we approximate €(Ap) with a polynomial of the second order. Numer-
ical estimates show that the curves in Fig. 1 are approximated quite well by €= (1 —Ap/Apmax) %, where BPiax™
Co and C = const, Letus consider asystem consisting of two reactors. In this case the problem can be solved
analytically [4] and has a simple graphical interpretation (Fig. 2). The range of the variables Ap; and Apy is
the rectangle ODEL; the function being minimized, S= Apjfay+ Apy/ay, is a straight line; the equation of the
relation between the variables, reduced to a canonical form, is an ellipse:

Ap—Ap max L Ap ~Apom 2 el 2
( : q;\%si ) ( 2 q)?,[ﬁ-: aX) = GC i ) ( a)
o an a.

As follows from Fig. 2 (which; for definiteness, shows an ellipse with a semiaxis ratic of g—f
straight line with a slope of a;/2,=1), thé optimal solution is presented by either the case where the straight
line is tangent to the ellipse, if the point of tangency belongs to rectangle ODEL, or the case in which the
ellipse intersects the coordinate axis if the point of tangency does not belong to the range of definition. The
coordinates (APT. Ap3) of the tangency point are the optimal reactivity margins. Note that the maximum of the
function is attained at the point P, By Sp,ip and Smax» Fespectively, we denote the minimum and maximum
values of the function. The effect due to the optimization will be estimated as AS= (Smax —Smin) /A pymax +

Aps max).

To explain the physical aspect of the problem and to obtain estimates of the possible optimization effect
Wwe consider several concrete situations.

1. The reactors differ only as to the fraction of power ¢,= ¢y, a;=a,, 6;/6,>1, The largest reactivity
margin should be produced in the reactor with the highest power fraction (see Fig, 2). Indeed, the higher the
power fraction of a reactor in the system, the lesser the extent to which a change in that power can ensure the
required reduction of power in the system as a whole. In this case a smaller reactivity margin has to be
reserved in the reactor with the high power (see Fig. 1), and this results in a reduction of the total energy out-
put loss. Tlie optimization effect for 6,/5,=2 and o=0.5 is 30%,.

2. The reactors differ only as to burn-up rate, ¢;=1,, 5,= 0y, a;/a;>1. In this case the equation asso-
ciating the variables is the equation of a circle. Since the energy output loss is inversely proportional to the
burn-up rate, it is clear that the highest reactivity margin should be reserved in the reactor with the highest
burn-up rate. The effect from possible optimization when @;/2,=2 and a=0.5 is ~40%.

3. The reactors are identical in respect of all the parameters considered ¢;= ¢y, 6;= 8,5, and a;=a;. In
this situation the reactivity margins are identical. The effect from the optimization is ~20%. For systems
consisting of reactors with different parameters ¢, 8, and a, an uneven reduction of power proves to be opti-
mal.
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Thus, the results given above indicate a possibility of obtaining a particular effect from the use of fuel
with a systems approach to the analysis of the operation of an atomic power plant with a variable load schedule.
In conclusion, let us point out that the converse problem of a maximum reduction of power from the atomic
power plant with a given energy output loss is golved in much the same way.

LITERATURE CITED

1. A. P. Aleksandrov and L A, Dollezhal', At. Energ., 43, No. 5, 337 (1977).

2. V. N. Vladimirov, Practical Problems of Nuclear Reactor Operation [in Russian], Atomizdat, Moscow
(1976). : : : : S ) '

3. A. S. Gerasimov and A, P. Rudik, At. Energ., 42, No, 2, 143 (1977). ‘

4. J. Headey, Nonlinear and Dynamic Programming [Russian translation], Mir, Moscow (1967).

EFFECT OF ENTRANCE CONDITIONS ON THE DEVELOPMENT
OF TURBULENT FLOW IN CIRCULAR PIPES '

B. N. Gabrianovich, Yu. D. Levchenko, v UDC 532.542.4
Yu. P. Trubakov, and P."A., Ushakov o :

In reactor cores and in heat-exchanger equipment a region of hydrodynamically unstabilized flows of a
coolant sometimes comprises an appreciable fraction of the channel length. This affects the temperature dis-
tribution in the elements of the power equipment and in-pile structures. The effect of the longitudinal variation
of the heat flux on the temperature distribution can be taken into account by a Duhamel integral containing the
gso-called transient function. The calculation of this function-requires quantitative data on processes in the in-
let regions of the channels. SRV - -

Calculations by various methods [1-4] generally give inlet lengths shorter than the experimental values.
The inlet devices used in pipes (grids, washers, nozzles, diffusers, inlet from a large volume, etc.) distort the
velocity profile at the inlet where the turbulence depends entirely on the prehistory of the flow, Experiment [5]
shows that an initial level of turbulence intensity up to 3% does not affect the flow in the inlet region of a cir-
cular pipe. Other experiments [6-11] also do not show a dependence of the stabilization length on the form of
the inlet conditions and the turbulence intensity at the pipe inlet. In the study of thé_ damping of the turbulence
of the inlet flow along a pipe in [12, 13] the effect of the initial turbulence on the stabilization of the radial pro-
file of the mean longitudinal flow velocity was not investigated. '

In the present paper we generalize the material of [6, 14, 15, 16] and present new experimental data on
the stabilization length of the velocity profile in circular pipes as a function of entrance conditions. The experi-
mental channel used was a machined pipe 145 mm in diameter consisting of 23 sections each 600 mm long. The
sections were machined to second-class accuracy with an inner surface roughness of 0.32 (v9). The individual
sections were connected and centered by sleeves. Packing grease was applied to the outer surface of the pipe
against the fittings. The experiments were performed with a confined stream of air at a Reynolds - number of -
285,000, The velocity profiles and turbulence intensity were measured by the hot-wire anemometer method
using appropriate DIZA55M (Danish) equipment. The apparatus included a bridge with a constant temperature
filament, an amplifier, a linearizer, and an RMS voltmeter.

A flat velocity profile at the pipe inlet was ensured by a nozzle with a Vitoshinskii profile having a 4.9
contraction ratio. A honeycomb and various inlet grids were placed in front of the nozzle. The velocity profile
at the pipe inlet remained constant and the turbulence intensity varied from 0.7 to 7.1%. At the lower degree
of turbulence (0.7%) the velocity profile at the pipe inlet was distorted by various kinds of contraction devices:
washers of various diameters used both singly and in combinations, washers asymmetrically covering half the
cross section of the pipe to a diameter. For each inlet condition the velocity and its fluctuations were mea-
sured along the pipe axis. In this way the "imiting" cases of the effect of inlet conditions on the development
of flow characteristics along the pipe were investigated,

Translated from Atomnaya Energiya, Vol. 47, No. 3, pp. 167-169, September, 1979, Original article
submitted September 29, 1978,
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TABLE 1. Characteristics of Inlet Grids

N hole: Diameter of Dopcet Turbulence in-
00T I holes TOPOSIY  hensity at inletg,
7 75 0.4 . 7.1
19 50 0,46 3,9
37 4 0,8 2,3
92 25 - 0,55 1,7
Vg
U737 P
®-2
X -3
1 ) 1 - a4
N (LM 1] a-§
] - ©=§

474u/u"”a 1. -
T I ) L : 2 /1 — i —1 e .
0 F 0 ) 80 XizRy 0 20 40 60 40 XiZR
Fig. 1 : o  Fig. 2

' Fig. 1. Variation of longitudinal velocity U/Uy and. its fluctuations oy/oyy on pipe axis for
various levels of initial turbulence; 1) screen 0.5x0.32 mm; 2) grid with 91 holes 25 mm
in diameter; 3) grid with 37 holes 41 mm in diameter; 4) grid with 19 holes 50 mm in
diameter; 5) grid with 7 holes 75 mm in diameter; Re=285,000.

Fig. 2. Variation of longitudinal velocity W/U, on pipe axis for various inlet conditions:

- 1-4) sinooth profiled inlet; 2) inltet with 140 ‘mm diameter washer; 3) inlet with five rings
133.6 mm in diameter; 4) inlet with washer covering half the.cross section of the' pipe,
Re=285,000 (our work); 5) inlet with diffuser; Re=%55,000 [9]; 6) inlet froma large vol~-
ume; Re=81,000 [6); X, distance from channel inlet; R,, pipe radius; ‘ii, mean flow velo-
city; Re=2Rgi/b.

The initial turbulence intensity at the pipe inlet was varied by metal grids placed behind the honeycomb in
front of the nozzle. Theé holes in the grids were located at the vertices of equilateral triangles. The sizes .of
the vortices generated beyond the grid depended on the size and spacing of the grid holes. ‘Therefore grids .of
Various porosities were used (Table 1),

In this set of experiments measurements were imade with a screen in front.of-the nozzle, which corre=
‘sponded to a:condition of smooth ‘profiling of the inlet. . The screen had a mesh size of 0.5 mm and the wires
. were 0.32 mmin diameter. The measured velocities and fluctuations along the pipe-axis for various values of
‘the initial turbulence intensity -at'the pipe inlet are shown in Fig. 1.

The mean velocity profiles inithe inlet region of the pipe were linear for all the grids used in-the .experi~
‘ments, and practically (within the + 1% spread of the experimental data) -identical ‘with the velocity.profile at the
inlet cross section for a smooth profiled inlet. - The radial profile of the intensity of turbulent. velocity fluctua-
tions at the inlet cross section of the pipe was also:rather uniform over the.cross section of the pipe. In:the
wall region the turbulence-intensity was the same for all‘the grids, and.was-determined by the .generation .of
turbulent fluctuations as a result of the velocity gradient-in-the:boundary layer formed on.the nozzle walls. 4n
the central part of the flow the turbulence intensity was 0.7+7.1% for the-various grids. ‘To be sure that:what
was actually being measured was turbulence and not.apparatus noise, the signal was fed into a 3348 Brueel.and
Kjaer spectrum analyzer and a DIZA 55D70 (Denmark) correlator. The velocity fluctuations .at the ‘pipe-inlet
were random and did not have a regular component in.the 0-20-kHz frequency range.
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"Figure 1 shows that the increase in the initial level of turbulence intensity from 0.7 to 2.3% had prac-
tically no effect on the character of the development of velocity along the pipe axis. For a smooth profiled in-
let the maximum axial velocity occurred at a distance of 40 diameters from the inlet. The maximum velocity

- decreased with increasing turbulence intensity in the inlet section of the pipe. For a turbulence intensity of

7.1% in the inlet section of the pipe there was acertain nonmonotonic character in the variation of the longi-
tudinal velocity along the pipe. The minimum in the 1ong1wd1na1 flow velocity ata d1smnce of 65 pipe diameters
from the inlet became less noticeable with a decrease in the initial turbulence.

Turbulent velocity fluctuations produced by inlet grids were damped out at a distance of '20'diameters '
from the inlet where the minimum in the distribution of turbulent velocity fluctuations along the pipe was ob~
served. The minimum velocity fluctuation on the pipe axis was proportional to tlie initial turbulence level.
Experiments showed that the turbulence produced by a grid did not disappear completely before the turbulent
vortices from the boundary layer began to reach the pipe axis. Downstream an increase in turbulence in-
creased momentum transport in the radial direction, which prevented the formation of a velocity profile more
elongated than the stabilized profile. :

Thus, an increase in turbulence intensity at the pipe inlet led to a more monobomc development of the
mean velocity and to a decrease in the stabilization length. Therefore the differences in the resulis obtained
by different experimenters in the study of the development of velocity profiles in the inlet region of pipes may
be due to the effect of the initial turbulence level.

A comparison of earlier results [6-12, 14-16] shows that different entrance conditions clearly affect the
development of the hydrodymamic characteristics of the unstabilized part of the flow. The entrance conditions
in circular pipes (grids, entrance from a large volume, diffusers, throttling washers) affect the contraction of
the flow at the inlet. We have studied the effect of the contraction ratio at the inlet on the development of the
flow along the pipe. The velocity profile, appreciably. elongated close to the inlet because of the contraction of
the stream, at a certain distance is first flattened, and then monotonically develops along the length to its sta-
bilized form. The minimum velocity and the distance from the pipe inlet at which it occurs are determined by
the type of inlet structure. The inlet structures used in the experiments included a 2 mm thick washer pro-
truding 2.5 mm into the stream, a washer covering half the cross section of the pipe to a diameter, and a smooth
profiled inlet. '

. Figure 2 shows the results of our measurements {(curves 1, 2, 4) and datz from [15, 9, 6] plotted oncurves
3, 5,.and 6 respectively. Figure 2 shows that the values of the velocity on the pipe axis for a smooth profiled
inlet form an intersecting family of minima for other forms of pipe inlet. The stabilization length for all dis-
tortions of the flow at the inlet is practically unchanged.

Thus, the studies showed that at the same Reynolds number the stabilization length in circular pipes is
weakly dependent on the contraction ratio of the flow at the inlet, and strongly dependent on the initial turbulence
level. |
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A GRAPHICOANALYTICAL M_E'I_‘HO'D FOR DETERMINING
THE LENGTH OF ELEMENTS ALONG THE HEIGHT
OF A MULTIELEMENT THERMOEMISSIVE ASSEMBLY

V. V. Sinyavskii , , UDC 621.36'

- Theoretical [1-3] and experimental [4, 5] investigations of thermoemissive assemblies have shown that
because of the nonuniformity of the heat generation along the height of the assembly q(z), there is a nonunifor-
mity in the temperature of the emitters T, of the individual elements of the assembly. If we have the restric-
tion Tg = Tygm (or Te, adm = Tmax)» where Tadm is the limiting admissible temperature of the emitter, any
nonuniformity in q(z) will reduce the outpuf energy characteristics of an assembly with successively ]omed ele-
ments of equal length [1}.

The efficiency of an assembly with nonuniform q(z) can be iricreased by redistributing the fissionable
material along the height of the assembly (nuclear profiling [6]) or by an optimal distribution of the length of
the elements along the height of the assembly (electronic or geometric profiling). For nonuniform q(z), geo-
metric profiling has been investigated both theoretically [2, 7, 8] and experimentally [9]. The formulation of
the problem and the numerical algorithm for determining {zi}opt for nonuniform q(z) are given in [2]. However,
it follows from general physical considerations that for the restriction Te max =~ Tadm, not only a nonuni~
formity in q(z) but also any nonuniformity in the parameters on which Te,max depends (e.g., the temperature
T, of the collectors, the pressure of the cesium vapors, etc.) will lead to a reduction of the output character-
1st1cs of an assembly with consecutively joined elements of equal length In such cases, geometrlc profiling
may be used effectively.

The proposed graphicoanalytical method for determining the optimal distribution function for the length
of the elements along the height of the assembly, {1}°Pt, is suitable for solving the problem of geometric pro-
filing for any form of nonuniformity A(z) and restrictions of the type R = R,qm (or R2 Ryqy). Before proceed-
ing to describe the algorithm, we shall formulate a geometnc-proﬁhng problem somewhat more general than
the one in [2].

We must determine the optimal number m°Pt of consecutively joined thérmoemissive electricity-gen-
erating elements (EGEs) and the optimal vector for the distribution of their lengths {1}, i ¢ [1; m®PY, along
an assembly of height H with n distributed parameters of the form 4, (z), j € [1; nl,which, for k given limiting
values Ry, p € [1; kI, determining the resource, reliability, efficiency, technological quality, and other proper-
ties of the thermoemissive assembly, will realize the maximum useful electrical power (or total efficiency) of
the assembly. :

When the efficiency is maximized, the total thermal power is equivalent to the maximum useful electrical
power for a given value of thermal power. It is possible to have a variant of the problem in which the assémbly
height H is optimized in addition to mOPt and {;}OPt,

The proHem of geometric profiling, i.e., the actual determination of {{;}°Pt, can be solved by various
methods. Thus, the authors of [2] give a'variant of the geometric-profiling problém which is simpler but is
most often encountered in practice, in which m is given, n=1, k=1, and, correspondingly, A (z) = q(z), Ry~
Te, max-

A simple but effective graphicoanalytical method for determining {I }°pt enables us to solve the probleth
in the most general formulation, with some distributed parameters and any number of restrictions. I is based
on the use of V—q (voltage—heat) diagrams, which, for a given total current I, show in graphical form how the
EGE voltage V varies with the density of the heat flux qy per emitter (or the density of volumetric heat gen-
eration in the heat-generating core, qy), the length [, the emitter temperature Te. maxs and, if necessary, other
parameters (the collector temperature T,, the pressure Pcg of the cesium vapors, etc.). Such functional rela-

tionships for V (q, I, T max) I=const are easily constructed from the volt—ampere characteristics of thé EGEs
1] . . .

Translated from Atomr~ya Energiya, Vol, 47, No, 3, pp. 169-172, September, 1979, Original article sub-
mitted September 11, 1978,
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' V, volts! '
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a'zqo 60 ' 80 g, W/em?
" Fig. 1. Volt—ampere (V—q) diagram for profiling the length
of the elements, taking account of the nonuniformity of heat
generation and collector temperature and the restriction on
the maximum emitter temperature (I=100 A).

~at constant thermal power I (V)gy, ! ... and constant emitter temperature I (V) Tes max 1.... The volt—ampere
characteristics of the EGEs may be calculated with any accuracy by means of any algorithm, A typical V—qp
diagram for determining 1;}°Pt for two parameters q(z) and Tc(z) distributed along the height of the assembly
and restrictions only on Tg max for I=100 A are shown in Fig. 1. The volt—ampere characteristics of the
EGEs on which the diagram is based were calculated on a computer by the algorithm used in [1], taking account
of the distributed nature of the heat fluxes entering the emitter jacket, the nonisothermal and nonisopotential
nature of the electrodes, the thermal and electrical losses, and the effect of the nonoptimality of the collector
temperature T,. In order to keep the figure clear, the diagram shows the variation of V (q, 1, T¢)g for three
values of T,: 900; 1000; and 1100°K. The working diagrams contain more detailed information on T,. The
coincidence of the characteristics for T,=900°K and 1100°K is a result of the experimentally observed specific
variation of the isothermal thermoemissive transformations (TET) with Tc [10] which was used in calculating
the EGEs. ‘

From the V—q diagrams for specific values of qj, T, and if -necessary, other values of Ai,‘we determine
the 1; which for a given I yields the maximum value of Vi on condition that Tg max = Te, adm and the other
’Rj < R'adm; Knowing all the Vi, we determine the total voltage V., = Z_IV,-, ' the total electrical power W, = VaL

and the efficiency of the assembly with the resulting {li}- If the dime;sions li can vary continuously, then the
profiling is carried out in such a way that 7, .y = Te agm ¢ € [1, ml. This actually means that if we have only
q(z), 1; is selected along the curve Tg, max(@ = Te, adm, if we have the nonuniformities in q(z) and Ts(2), it is
_selected along the surface Te, max(@, Tc) = Te, adm, etc. I for a given {1;} we obtain an assembly height H*=
= ‘2 (I; + lo),where [ is the height of the switching connector, and this assembly height does not coincide with

i=1 . ) .
the given H, then we must make a correction to {li} in such a way that H~ H*, This can be obtained by repeated
determination of the vector {I;} from the V—q diagrams for another value of m, another absolute g(z) (the rela-

-
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tive distribution of q(z) remains as before), or a reduction in the length of some of the EGEs (usually at the
edges of the assembly) in such a way that H xH*, It should be noted that in the last case the shortened EGEs
will operate at Te, max< Tadm. Naturally, in the absence of other considerations, we should select from the
above methods the one which yields the maximum target function,

When we have thus determined {l,} for some values of 1, we can construct the volt—ampere characteristic
Va) Ty, max<Te adme Trom which we can readily select the point, and consequently the {14°Pt a5 well, for
which We reach the maximum value of electrical power and satisfy restrictions of the form Rp=Rygm, At the
same time as we optimize {{;}9Pt, we also optimize the number of successively joined EGEs in the assembly,
mOPt and its thermal power. /

Geometric profiling leads to some redistribution of the fuel along the height of the assembly, since for
{l-i}opt the central EGEs are shorter than the periplieral ones, which must be taken into account in calculating
the q(z) and Te(z), and also in estimating the critical parameters of a system with profiled multielement assem-
blies. : )

Let us briefly consider some results obtained by means of the above method.

It has already been noted that Te, max 18 restricted; even a slight nonuniformity in q(z) leads to a sub-
stantial reduction of the electrical power W(K,) in comparison with the power of an assembly with the constant
heat generation, Wy = W(K,=1) [1-3]. Thus, the authors of [1} obtained an empirical formula for determining the
relative power of an assembly with elements of identical length for a cosinusoidal law of distribution of a(z):

we =W (K)/W, ~ 2,52 — 152K _,

“which, e.g., when K, = qmé.x/dz 1.25, yields wg~0.6. The individual EGEs operate at a Tg, max almost 400°K
higher than the maximum admissible value. '

Geometric profiling of an assembly with nonuniform q(z) and the restriction Te, max % Te, adm, for con-
tinuous variation of 1§, enables us to obtain electrical power values which are only a few percent lower than the
power of an assembly with constant heat generation, Analogous results were obtained in [2, 7). For a restricted
number of typical dimensions of the EGEs, we also observe an increase in the output power of the assembly in
comparison with an unprofiled one. However, since in this case some of the EGEs have a lower value of
Te, max» the power of the assembly is found to be lower than for continuous variation of [, If we assume dis-
crete variation of I by a value which is a multiple of 0.5 em, for the same conditions we have Wq ™~ 0.85 when the

Te, max values of individual EGEs differ from Te, adm by only 40°K,

The nonuniformity of T¢(z) for constant q(z) but with the restriction Te, max = Te, adm also leads to con-
siderable losses in electrical power W(T.) in comparison with the power of an assembly with constant T, =
TP, Thus, for Te, max~Te, min=150°C and To, min= TPtw, = W (Tc) W, ~ 0.8 [1] with a difference of more
than 100°C in the To gy of individual EGEs. Geometric profiling with continuous variation of l{ increases
We t0 0.95 out of the optimal power value when all the EGEs have constant Te, max values. For same condi-

tions when we have only two typical dimensions of the EGEs, wg ~ 0.9,

The simultaneous effect of q(z) and T¢(z) on an unprofiled assembly yields an even lower relative power
value, wy o= W(Kz, Te)/Wy, where W is the power of the assembly when Kz = 1 and Te(z) = Tgpt, i.e., even
lower. For the conditions considered above, Wwg,c ® 0.55, Geometric profiling which takes account of the effect
of q(z) and T ;(z) enables us to increase wq,c to ~ 0.9, When it is possible to have only discrete variation of
1 (by 0.5 cm), Wq,c = 0.72, '

Thus, the algorithm worked out above enables us to determine { i}opt in a relatively simple manner for
some parameters arbitrarily distributed along the height of the assembly and taking account of the restricted
number of typical EGE dimensions that are actually possible. An important advantage of the method is that it
can take account of any factors restricting the resource and operating capacity of the assembly. To do this,
other boundary curves are drawn on the V—q diagrams in addition to the To. max isotherms. The determination
of the {li}opt is carried out in an analogous manner, but with all the Radm restrictions taken into account.
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FISSION NEUTRON DETEC TORS
Z. A, Aleksandrova, V. I. Bol'shov, - ' : UDC 539.185
I. E. Bocharova, K. E, Volodin, '
V. G. Nesterov, L. I. Prokhorova,
G. N. Smirenkin, and Yu, M, Turchin

The average yield of neutrons per fission event v and their energy distribution N(E) are fission neutron
characteristics that belong to the category of fundamental constants of breeder materials in reactors. Most
practical problems can be solved using the well-known approximation of the fission neutron spectrum by the
Maxwellian distribution ‘

%(E, 8)=(2/V 70V E exp(— E/B), ' : @
i.e., N(E)=Dy(E, ¢). Insuch a case, knowing the average energy E=3¢/2, or the so-called neutron temperature

9, it is possible to find the entire fission neutron spectrum. Thus, most experimenters focus their attention on
the determination of the two first moments of the distribution N(E): the zero moment 7 and the first moment

Ve (precisely speaking, their ratio 9.

These fission neutron characteristics, and ‘especidlly ¥, are most frequently measured with the aid of
detectors consisting of a hydrogeneous moderator and slow-neutron counters. The moderator is usually poly-
ethylene and the slow-neutron detectors are BF;.or 3He counters. In such detectors, which in contrast to
detectors that detect single events of microscopic interaction of fast neutrons with nuclei are called macro-
scopic detectors, neutrons live for tens of microseconds while being slowed down and scattered.

Since the moderation length V7 essentially depends on the energy of fast neutrons entering the moderator
and since the spatial distribution of slow neutrons is a strong function of t/vT (t being the distance to the neutron
entry plane), the energy sensitivity of a slow-neutron counter can be varied within wide limits by changing its
position in the moderator, its orientation with respect to the beam of incident neutrons, or the moderator con-
figuration. Such an approach is frequently employed to fit the characteristics of the detecting system to the
needs of the particular problem, Well-known examples of such detectors are the all-wave (long) counter [1], the
isodose neutron detector [2], the Bramblett multispherical spectrometer [3], etc.

Here we report on certain new applications of the macroscopic method to the ‘measurement of fissionneu-
tron characteristics. Three versions of the method are discussed: a macroscopic fast-neutron spectrometer
(E detector), simultaneous measurement of the average yield and average fission neutron energy (vE detector),
and a detector which measures ¥ without being sensitive to the average fission neutron energy (v detector).

Energy Dependence of Slow-Neutron Counters in Polyethylene

Moderator

The results reported in this paper are based on an investigation of the dependence of the sensitivity &E,
ty) of slow-neutron counters in a polyethylene block on the energy of fast incident neutrons E and on the distance
from the neutron incidence surface t,. Although the measurement of these characteristics over an energyrange-
from 0 to 15 MeV is rather difficult, no such difficulties exist when the characteristics are calculated theoreti-
cally. We have thus studied the sensitivity function &(E, ty) by calculating its relative behavior by the Monte
Carlo method and by normalizing it experimentally at geveral points taking into account the individual charac-
teristics of the counters. -

Translated from Atomnaya Energiya, Vol. 47, No. 3, pp. 1724176, September, 1979. Original article sub-
mitted May 17, 1978; revision submitted November 17, 1978, '
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-Fig. 1. Lompamson of results -obtained by the Monte Carlo method

{®) and experimentally (O} for the function £n(E) [em?¥ for one type
SN10NA counter.

Two basic "counter +moderator™ arrangements are discussed: for measurements in the so-called good
geometry when the detector registers source neutrons within a small solid angle, and for experiments in 47
geometry in which the detector monitors a considerable portion of space around the source. Good geometry is
usually employed for studies of fission neutron spectra [3-6] and 47 geometry, for 7 measurements [7].

The first arrangement is most suitable for measurement of the sensitivity function &(E, t,) with mono-
energetic neutrons [6]. 4r detectors usually have a central channel reserved for a fission{ragment detector in
coincidence with whose output pulses neutrons are registered by the coaxially positioned neutron counters,

The measured and calculated values of the function &,(E) = &(E, ty) for a rectangular detector are shown
in Fig. 1. The Monte Carlo procedure used in the calculations is described in [8]. Measurements were carried
out for monoenergetic neutrons and for neutrons of radioactive («, n) sources havmg a continuous energy spec-
trum., :

The source of monoenergetic neutrons were T (p, n), D (d, m), and T (d, n) reactions taking place inan
electrostatic generator with solid targets. Neutron yield was monitored with a thick-walled fission chamber
with a *¥U layer placed near the neutron target within the same solid angle as the detector being calibrated.
The measured &,(E) functions were normalized with the aid of radioactive neutron.sources. consisting of a
homogeneous mixture of **Pu with Li, F, B, and Be using the éxpression

(4nR2/Q) M, =¢, (E) [ent],

where R is the distance between the source and the detector front surface {in the calculations and in-a}l.experi-
ments R=100 cm). The source yield Q was determined to within ~10%,
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The measured and calculated results (Fig. 1) are seen to be in good agreement with each other indicating
that the sensitivity of slow-neutron detectors depends strongly on their position within the moderator. The
irregular structure of £n(E), associated with resonances of the cross section of neutron scattering by carbon
nuclei, manifests itself clearly at great depths tn, Viz., when n>3.

The behavior of sensitivity &,(E) weakly depends on the counter dimensions and on the distance R to the
moderator surface as can be seen by comparing the functions €n(E) calculated for a prism and for a 4 detector
in which these parameters differ considerably. This is very fortunate from a methodological point of view
gince it allows one set of &,(E) curves to be used without taking into account in the first approximation the geo-
metric features of the detection system. It should also be noted that the resonance structure of &,(E) is less
prominent in 47 detectors because of the large spread of neutron “ranges" in the resonator. Similar tables of
the function £,(E, tpy) are given in [5] for a prism and in [7] for a 47 detector.

Stacked Macroscopic Spectrometer (E Detector)

The investigated detector has several advantages over the multispherical detector [3]. First of all, with
a stacked structure there is no need to change the moderating envelopes and an entire set of readings for dif-
ferent moderator depths can be obtained simultaneously. Secondly, a stacked structure imposes no such strict

- constraints upon the dimensions of slow-neutron counters as a multispherical spectrometer making it possible

to increase the sensitivity by one order of magnitude or more. Finally, in a stacked-counter spectrometer it is
much easier to obtain an extensive set of &y(E) functions. Thus, the family of en(E) curves of the multispherical

spectrometer is covered by the characteristics of the first four rows of a stacked spectrometer. I other words,

the later covers a wider dynamic range which is shifted towards higher energies, and this is one of the main
factors that determine the accuracy of measurement of the parameter 6. ‘

. Let us consider the last problem in some more detail. Considering that the difference | A6 | = | 0 —
8, |< 8o is small, the ratio R, of the number of counts registered by counters of the n-th row of the spec-
trometer for two fission-neutron sources with the parameters 6 and gp can be written as a Taylor series

Ba=C [?Jr%((gzn'_%)‘F%%(%*S%J“(EQH)WL -]=c @

~ where (Ek)n is the k<h moment of the neutron distribution x(E, 6) €n(E) registered by the n-h counter row, and

C is the intensity ratio of the fission sources.

In a linear approximation, the desired quantity A6/8, is the slope of the straight line Rp=C(1 +A0/6¢%n) s
where xp = <E>n/eo—%. The result can be easily made more accurate applying the method of successive ap-
proximations. Thus, since E=%,0, the parameter xp is the difference between the average energy of the regis-
ter neutrons (E) and of the source neutrons E expressed in gy units. Obviously, the greater the range of xp the
higher the accuracy with which A0/, canbe determined. The sensitivity of the method and the applicability of
the above approach to the processing of experimental results are well illustrated in [9] where the neutron spec-
tra of 3%y, 235U, and %Py fission due to thermal neutrons were compared with those of spontaneous fission of
252Cf (standard) to within 0.1-0.2% of the ratio 6/6c. :

For the sake of convenience we have first considered relative measur ements of 6/8, even if the macro-
gcop ic spectrometer method makes it possible to find absolute values of the parameter 9. For this, the rela-

tion M, = cSX (E, 8) 2,(E) dE is made to fit the experimental count readings Mp. Applying the method of

0

least squares DM, — M) (@ 1ln Myac) = 0; S (M, — M) (31n M,/08) = 0 We obtain an expression from which

@ can be found:

Ex(E, ) €n (E) dE

(Z ﬂi") "
i 2

, Expression (3) indicates that to find @ there is no need of knowing the absolute value of the sensitivity
£n(E) but only its dependence on the row number and energy, i.e., the neutron flux Q/47rR2 incident on the detec-

tor does not enter the processing of experimental results. For relative measurement of §/9y one even needs
not know the relation ey(E) for the different detector rows: the result depends only on (Ep. Otherwise speak-

Ey (E, 6)ep (E)dE

i1, =0. @)

-2

1 (E, 8) e (E) dE 1(E, 8) en (E) dE

O3 § | %= §
oL’sg OL’18
M
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Fig. 2. Dependence of integral sensitivity to
fission neutrons 7(t), of the functions x(t) and
y{t), and of the correction factor |k —1], on the
distance t to the neutron incidence surface for
a 47 detector,

ing, in this approach there is no need of calibrating an(E), all one has to do is to find the relative behavior of
the sensitivity, e.g., by the Monte Carlo method.

Simultineous Meas urement 6f Average Yield and Average

Energy of Fission Neutrons (vE Detector)

The average yield of fission neutrons ¥ is usually measured with the aid of 47 detectors operating in coin-
cidence with fission-fragment detectors. The macroscopic spectrometer concept can be also realized within
the scope of the structure and operating principles of 47 detectors '[7]; This would allow simultaneous measure-
ment of the two most important fission-neutron characteristics ¥ and E (or ¢).

The importance of such a 47 detector modification is due to the following reasons, Firstly, the appliea~-
tions of a goodgeometry macroscopic detector is limited to neutron source intensities of 3103 neutrons/sec In
many cases this condition can be satisfied ohly when a considerable amount of fissionable material is available,
which appreciably restricts the experimental possibilities of the method. By increasing the method sensitivity
by several orders of magnitude, the 47 detector eliminates these difficulties. Secondly, because of the energy
‘dependence of the neutron detector efficiency, the results of measurement of the fundamental nuclear phys ics
constant v must be corrected for the difference between the fission-neutron spectra of the measured. 1sotope and
the standard. The measured experimental ratio of the number  of neutrons registéred per one fission event. can
‘be written as

Sx(E 0) e, (E) dE )
—i 0. =k A4)
p= ;0 oo Vg 4 i
{ne. 00 (B) B
0 .
where k is the correction mentioned above, and €,(E) is the detector efficiency. Using expressmn (2) .the
factor k can be written as
—1+e*$ +(-)2yn+-.--y ' : R

724

Declassified and Approved For Release 2013/02/15 : CIA-RDP10-02196R000800020003-2




Declassified and Approved For Release 2013/02/15 : CIA-RDP10-02196R000800020003-2

indicating that its accuracy depends ina large measure on the ratio 0/6¢. Unfortunately, this ratio is not very
reliably known for thermal-neutron fission of even the most common reactor materials. In some cases the
error of the correction factor is comparable with the correction proper |k —1|. Simultaneous measurement of
7 and ¢ eliminates this difficulty. ' :

The method of simultaneous measurement of ¥ and 6 is implemented by placing in the moderator several
concentric rows of counters and recording coincidences of their output pulses with the fissiondfragments detec-
tor pulses. The ratio of the number of coincidences is used for finding 6 and their sum, for measuring v.

Detector for Measuring v Irrespective of the Average Fission

Neutron Energy E (v Detector)

Above we have discussed a method of relative measurement of ¥ in which the correction for the differ-
ence between the fission-neutron spectra of analyzed object and the standard is determined experimentally. The
dependence of the parameter xp on the location of counters in the moderator [7] makes it possible to designa
detector for which no correction is needed. However, the point is not a strict observation of the condition k=1,
which is true only for all-wave detectors {&(E) = const], but the approximation

, z=0 o (E)=E, ' )
to which corresponds the energy-dependent efficiency of the detector. The solution of (6) can be easily found
from the function x(t) for a 4r detector represented in Fig. 2. It is seen from the figure that condition (6) will
be satisfied if the counters are placed at a distance t .= 10.5 cm from the inside surface of the moderator.
Figure 2 also shows the parameter y, which defines the second-order term contribution in expression (5), and
the difference between the factor k and unity for x=0, as functions of the distance t. It is seen that in the neigh-
borhood of t=tg,¢+ 0.5 cm, the correction factor |k—1|is less than the error in ¥, for the standard (~0.3%)
A6/6, typical of the range of ¢ for heavy nuclei. : )

The realization of the condition x=0 by placing the counters precisely on the surface t=topt is the sim~-
plest but not the only and best one since it limits the number of counters. One can make use of the fact that x
has different signs to the right and left of t=t_ ,, place the counters on both sides of the optimal surface, and
complete the row of counters without violating the condition x=0. Detectors for measuring v described in
literature satisfy rather the demand of maximum efficiency. Figure 2, in which the top curve represents the

integral efficiency to fission neutrons 1 ) = Sx (E, 0) X & (E, t) dE, indicates that this demand does not coin-
0
cide with the condition x=0.

CONCLUSIONS

The methods described in this article have been developed for studies of fission-neutron spectra. The
range of problems that can be solved with their help can be greatly expanded. ¥or example, a 47 detector sim-
ilar to the one described here has been used to separate prompt and delayed fission neutrons and (v, f) and
(7, n) neutrons [10]. ' ' '

Although macroscopic spectrometers are most effective in situations when the energy distribution can be
represented in an easily parameterized form, their application is not at all limited to such cases. In the gen-
eral case, the problem is solved using a group description of the distributions and reduces to a solution of a
system of linear equations with experimentally determined left sides M.
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ANALYSIS OF THE RELIABILITY OF. RADIOCHEMICAL
PLANTS WITH ELECGTRON ACCELERATORS ‘

V. M. Kshiiyaskin #4d Yu. D. Kozlov _ |  UDC.621.384.6:54L.15

_ The re11ab111ty of radiochernical plants must be calculated at an early design stage [1-3]. ’Ihe reliability
of such plants significantly affects their €conomy during operation. Besides radiation physics parameters, the
_ des1gn of radiochemical plants requlres the knowledge of the reliability of their units and elements.

Calculations of siructural reliability are now an integral part of design in various fields of engineering,
é.g., in reactor design [4]." The aim of this paper is the calculation of the rellablhty of component units of
planned radiochemical plants with high-current electron accelerators and the evaluation of plant reliability as
a whole. Since such plants are complex systems designed for long operating times, their reliability should be
calculated in several stages [3].,

The reliability of electron accelerators, radiochemical apparatus, and other technological and auxiliary
equipment is calculated first. After the reliability indicators of these units have been analyzed and evaluated,
the reliability of the radiochemical plant as a whole is calculated. The reliability of units composed of many
c¢émponents and linked by complex functional relations is calculated by the Monte Carlo méthod [1}. The com-
bihatorial method [3, 4] is used to calculate the reliability of less complex units.

To analyze the reliability of radiochemical plants the latter are arbitrarily d1v1ded into md1v1dual units
or elements in accordance w1th the following prine¢iples :

the failure of an element causes breakdown of the entire plant-

The mimber of elements in a plant should be minimal (if, e.g., the reliability indicators of both a plant
unit and of its individual components are known, the calculations should be based on the entire unit);

if no reliability data are available, elements and units are combined if possible into one or two larger
functional units whose reliability indicators are specified as a set of values for the given range of possible mag-
nitudes. The reliability of each unit is calculated for all assumed values.

The reliability of radiochemical plants is analyzed ‘with the aid of functional block diagrams of radio-
chemical apparatus and accelerators that specify the effect of failure of an element (unit) on the reliability of
apparatus or accelerator. .

To simplify the problem it is desirable to consider systems with instantaneous recovery in which the
times of failure and recovery coincide {5]. An algorithm and program are designed for models with instan-
taneous recovery which compute the probability of nofailure operatlon P(t), the failure flow parameter wt),
the mathematical expectation of the number of failures in time t H(t), and mean time between failures T [5].

Simulation of the operational process of a radiochemical plant with an electron accelerator consists in the
following. The plant operation is considered either during its entire operating time or only during the principal
operation period. The chosen operating time is split into intervals At and the flow of recovery of failed ele-
ments is implemented with the aid of random numbers, The duration of time intervals (At) should not be too
long, on the one hand, so that typical variations of the flow are not smoothed, and not too short, on the other
hand, so that insignificant properties of the flow are not manifested,

‘ Translated from Atomnaya Fnergiya, Vol, 47, No, 3, pp. 176-179, September, 1979, Original article é_ubé
mitted June 26, 1978 ; revision submitted February 5, 1979,
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. Fig. 1. Schematic drawing of radiochemical
plant with electron accelerator: 1) high-
voltage generator; 2) high-voltage cable; 3)
" vacuum system; 4) irradiator; 5) radiochemical
apparatus (conveyer); 6) gas supply system.

1t is known [6] that the input data on which an algorithm is based are the failure rate and the failure flow
parameter (for nonrepairable and repairable units respectively) when the failure distribution is assumed to be
exponential, and the mean time between failures, the time to failure, and dispersion when the assumed failure
distribution is normal or loghormal.

It has been shown in [7] that failures of the cathode subassembly, the vacuum system, and the exit window
have an exponential and normal distribution. The probability of noailure operation.of these units has the form

P (t) =e* F (T —tlo), )

where t is the operating time, h; A, failure rate due to transient defects, 1/h; T, time between failures due to
wear, h; and ¢, dispersion of the distribution of times between failures due to wear.

In simulation, the failures of elements and units caused by transient defects and wear are assumed to be
a superposition of two parts: one with normally distributed and the other with exponentially distributed failures.
Since the failures are independent, the exponential and normal parts are simulated separately. The model con-
siders flows of failures of all units that enter into the failure flow of the radiochemical plant as a whole.

Thus, mathematical simulation consists of the following steps: repeated application of an algorithm
describing the probabilistic model of the investigated process in individual units of the radiochemical plant;
statistical processing of the obtained results and their analysis; calculation of the reliability of radiochemical
apparatus, the electron accelerator, and of the plant as a whole (if necessary); setting up tables and graphs with
recommendations as to the calculation of reliability of other similar units.

As an example of the application of the above technique consider the amalysis of the reliability of a radio-
chemical plant with a high-current electron accelerator used for processing lumped (unmixed) systems. The
radiation section consists of the electron accelerator, the radiochemical apparatus, and auxiliary equipment*
(Fig. 1). - .

The kinetic energy of accelerated electrons is 0.08 pJ and the total irradiator current behind the exit win-
dow is about 50 mA. The high-~voltage transformed 8] connected by a cable to the irradiator operates in a gas

*The reliability of only the radiation section of the plant is discussed. The technological equipment is the topic
of another article. ' '

TABLE 1. Reliability Parameters of Radio-
chemical Plant with an Electron Accelerator

. Reliability parameter

Unit i
w (t), 1/h T,h .
High-voltage generator 1,7-10-3 600"
. 4,2.10-4 2400
Gas supply system 18,8-10-5. 5300
Y _— 5,3-10-% 18000
Irradiator 4,6-10-5 - 21650
: 3,9-10- 25500
|Conveyer 4,3.10-4
_ . 33,104 } ~ 3000
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 Fig. 2. Probability of no-<fdilure operation of certain units of the accelerator and con=
veyer: 1) ifradiator; 2) gas system; 3) conveyer; 4) generator.
Fig. 3. Mathematical expectation of the numibeér of failures H(t) in time t of the radio~
chemical plant with electron accelerator. : - :

medium (electric gas). To take into accourt the reliability of operation of individual (smaller) components, the
irradiator has been arbitrarily divided into four sections: the cathode subassembly, the vacuum system, the
exit window, and the scanning systerh, The irradiator is Iocated in a special radiation shield which can be dis-
mounted in parts for servicing.

From theé point of view of construction and number of components, the control console is similar to that
of a typical radiochemical plant with an accelerator "Electron-3" whose reliability has been analyzed before
in [7]. The conveyer is an electromechanical subassembly placed in an individual radiation shield. Is tdask is
to transport in and out products to and out of the irradiation zone and consists of driving and tension drums;
electric motor, various clutches, reducing gears, sprockets, chains, etc.

All elements of the plant and irradiator within the shield are in some measure affected by the action of
electron and bremsstrahlung radidtions and ozone. Thus, in analyzing the reliability of these units we have
taken into account the possible radidation effects on these elements. For this we have calculated the y radiation
exposure dose rate for various parts of the structure within the biological shield. Using the data on radiation
resistance of the materials and instruments [9] of which the radiochemical plant and irradiator are constructed,
" we have analyzed their usefulness for the given operating conditions and tentatively estimated the useful life of
these elements equal to the time during which the allowable dose is absorbed.

The maximum and minimum failure rates for the components of the highvoltage generator, the gas sup~
ply system, and the radiochemical apparatus (conveyer) have been adopted from data published in [4, 10-12].
Table 1 lists the calculated reliability indicators of these units from which the curves of the probability of no-
failure operation shown in Fig. 2 have been plotted, To évaluate the reliability of the plant as a whole, the
results where supplemented by the reliability indicators of the cathode subassembly, the exit window, and the
control console (Table 2) publishedbefore for "Elektron-8" radiochemical plant [7, 18].

The data in Tables 1 and 2 have been used as a basis for calculating the reliability indicators of the plant;
operating time to failure, the mathematical expectation of failure in time t, and the failure rate under steady~
state operating conditions. Considering the accuracy of statistical data used for calculating the reliability indi-

TABLE 2. Reliability Parameéters of Cértain

Aceelerator Gomponents.

Reliability parameter

Unit-

| »@1m | o vk | b

}cathode subassembly 5940 | — T 170

| 1 1,040 5.9.10-6 ‘ ;ggg
Vacuum systein - »9-107¢

Exit windsgw }7 ,8‘10“2 — - 100

|Controt console 8,3-10-¢ | 1200
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~ cators, the failure rate parameter of the system as whole was found to be 0.3 to 1.3 10~ per hour; The cal-
culations were carried out by repeating the algorithm 1000 times with a time-to-failure error of about 3 h. The
dependence of the mathematical expectation of the number of failures on operating time is shown in Fig. 3. The

figure indicates that 25 failures can be expected to occur in the system in 2000 h and 63 failures, in 5000 b,

Thus, we have for the first time applied the method of mathematical simulation to the evaluation of the
reliability of electrochemical plants at the design stage. The reliability indicators of component units of the
plant and of the plant and electron accelerator as a whole have been calculated a priori. The results can be
used for comparing the quantitative reliability indicators of individual units and (if necessary) for taking mea-
sures to improve their reliability. - The obtained data can also be used for calculating the necessary margin of
safety and for scheduling preventive maintenance of individual units or plants as a whole.

LITERATURE CITED

1. V. M. Kehnyaskii et al., in: Proc. of All-Union Conf. on the Application of Particle Accelerators in the
National Economy [in Russian], Vol. 1, Izd. NIIEFA, Leningrad (1976), p. 232. ‘
2. V. M. Kshnyaskii, Yu. D, Kozlov, and L. V. Popova, in: Abstracts of Papers of the All-Union Scientific
Engineering Seminar on the Application of High-Power Sources of lonizing Radiation in Radiation Engi-
neering [in Russian], VNIRT (1976), p. 126. B
3. Yu. D. Kozlov, K. L Nikulin, and Yu. S. Titkov, Calculation of Parameters and Design of Radiochemical
Plants with Electron Accelerators (Handbook) [in Russian], Atomizdat, Moscow (1976).
4. A. L Klemin, Engineering Probability Calculations in Nuclear Reactor Design [in Russian], Atomizdat
(1973). .
5. L. G. Gorskii, Statistical Algorithms for Reliability Calculations [in Russian], Nauka, Moscow (1970).
6. B. P. Kredentser et al., Solving Reliability and Maintenance Problems with General-Purpose Digital Com~
puters [in Russian], Sov. Radio, Moscow 19867, ' :
7. Yu. D. Kozlov, At. Energ., 39, No. 4, 280 (1975).
8. E.A. Abramyan and V. A, Gaponov, At. Energ., 20, No. 5, 385 (1966).
9, N, A. Sidorov and V. K, Knyazev (editors), Radiation Resistance of Construction Materials in Radiation
Engineering (Handbook) [in Russian], Sov. Radio, Moscow (1976). : . :
10. A. M. Polovko, Principles of the Theory of Reliability [in Russian], Nauka, Moscow (1964).
11. B. S. Sot-skov, Methodical Instructions and Reference Data for Calculating the Reliability of Components
and Systems [in Russian], Moscow Aviation Institute (1964).
12. B. S. Sot-skov, Principles of the Theory and Calculation of the Reliability of Components and Systems in
Automation and Computers [in Russian], Vysshaya Shkola, Moscow {(1970).
13. V. V. Akulov et al., see Ref. [1], p. 115.

729

Declassified and Approved For Release 2013./02/15 : CIA-RDP1 0-02196R000800020003-2



Declassified and Approved For Release 2013/02/15 : CIA-RDP10-02196R000800020003-2
NEW BOOKS '

" E. P. Anan'ev

. ATOMIC PLANTS IN-POWER ENGINEERING*

‘Reviewed by Yu. I. Koryakin

: Monographs published by Atomizdat, which cover the various aspects of miclear power engineering, go
out of print quite rapidly indicating the growing interest to nuclear power industry. The reviewed book w111
help in satisfying this interest.

The book treats its subject on various levels and cannot be simply characterlzed Nevertheless one can
distinguish two special features: 1) the material is based on experience gained in the Soviet Union and 2) the
main stress is on advanced nuclear power technology. Both these qualities are attractive and important espec-
ially in conditions of intensive nuclear power plant construction.

Another important topic of the book is rad1at1on safety wh1ch can be provided by a set of measures which
are con51stent1y and with deep insight presented by the author.

The author focuses his attention on channel and vessel reactors. Their evolution, present state, and tech=
nological problems concerning such reactors are the main subjects of seven (out of eight) chapters of the book
‘The author notes that large-scale solutions of problems make it possible to achieve new technological and eco-
nomical levels of operation with these reactor types (especially with channel reactors), while on the other hand
. generating new technological problems. ‘The author makes an attempt to estimate the scale and mgmﬁcance of
certain socioeconomical factors associated with the. development of nuclear power engmeermg Unfortunately,
this subject is barely touched upon. In view of its importance, the subject attracts w1despread attention and
‘heated discussions. Certain inaccuracies in the treatment .of Teactor physics must:be mentioned, Poss1bly,
they result from the attempt of the author to simplify the d1scussmn and make it 1nte111g1b1e to less tramed
readers.

The book leaves a - favorable impression. Notw1t.hstand1ng certain minor weak pomts the book is a valu-
;able addition to the:shelf .of nuclear power engmeermg Hiterature.

*Atomizdat, Moscow (1978), 190 pp., 1 ruble 70 kopecks.

Translated from Atomnaya‘ Energiya, Vol. 47, No. 3, p. 179, Septembelj, 1979. ST T
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LETTERS TO THE EDITOR L v .

EVALUATION OF THE SELECTIVITY OF ELECTROCHEMICAL
) . - . - ) . ‘ .

REACTOR-FUEL RECOVERY ON THE BASIS

OF THERMODYNAMIC DATA

1

V. A. Lébedev . ' » UDC 669.536.7

The separation factors of uranium and rare earths, uranium and zirconium, uranium and plutonium, and
uranium and thorium have been determined from thermodynamic data. The elements listed above have similar
oxidation—reduction potentials in chloride melts and thus determine the efficiency of electrochemical recovery
of reactor fuel. The separation factor Q was calculated from the expression [1]

_ (n—m) FE4 mFE¥ —nFEf v
ng - 4'5757- £ L _Ing?: ’ . * (1)

where E*, E* are relative standard potentials Me;/Me", Me,/Me®? [2, 3]; ¥, 7, are the activity factors of

Me, and iVIez in a liquid metal electrode [4]. I n=m, the separation factor is independent of the meit potential E.
For n=m the calculations were made for two-phase (L+compound) melts of electropositive metal (Me;) with a

1 mole % concentration of its ions in the electrolyte (cy). ' ‘

The comparative efficiency of various solvents salts used in separation was evaluated from
' . F .
18 0/Q" = yg=r (Ef —Ef* —EF +EY'). 4 @)

The error in log Q estimated from Eq. (1) is + (0.3 to 0.6) and from Eq. (2), + (0.2 to 0.4). The initial
data and the obtained results are listed in Tables 1 and 2. ’

The separétion factor of uranium and lanthanum increases regularly when the solvents are light metals
located higher and to the right in the periodic system. The factor is close to one for thallium electrodes, 10-10>

TABLE 1. Separation Factors of Me; and Me, in Liquid Metal Me—KCl melt—LiCl System
Containing Me}'" and Mel®" Tons

12yt =A+ BT Igve= A+ BT-1 lg@=A+BT1+ "Zige Q
Me’l""" Me"{“" Me . . L .
A | -B 4 -B A B 800 1000
La%+ Us+ Zn 5,05 12475 2,44 3685 2,14 586 750 535
cd 4,16 9738 3,03 885 0,66 523 20 15
Al 3,01 9892 3,84 7505 —1,30 6394 | — 5.10%
Ga 4,72 13333 1,38 . 4984 2,87 1023 1,4-10¢ | 8-10°
‘In 2,73 9508 2,36 2033 —0,10 1904 189 63
Tl 2,36 8153 0,49 —-2678 1,40 —1455 0,4 0,9
Sn 4,26 13377 1,97 4546 1,82 515 318 232
Ph —0,07 6648 | 2,97 2360 —3,51 5118 710 |- M
Bi 0,9% 11158 1,05 . 4398 —0,58 2546 400 | 92
Pus+ Us+ Zn 5,38 9770 2,44 3635 —1,08 2489 107 25
: cd 4,%4 6354 3,03 885 | ~-2,61 3105 19 .| -3
Al 3,26 9050 3,84 7505 |. —4,60 7029 — 270
Bi 1,40 8284 1,05 4328 —3,87 4618 121 9
Us+ Zriv Zn* 0,56 0,374 7,66 10165 —2,26 8150 - 2.108 | 2.10¢
The+ Us+ Zn* 4,78 9511 0,79 0,559 —0,08 —213 0,10 0,11
Al* 3,83 9470 0.65 |. 0,307 —1,20 * 3002 '— 14
Ga* 2,29 8710 0,58 0,193 0,33 822 5 3
In* . 0,77 3850 - 0,43 0,256 —2,52 2028 0,24 0,10 |
Sn* 0,46 6459 0,67 0,288 —2,60 3123 4,4 0,8
Ph* 1,14 3620 0,41 0,253 —2,74 2457 0,5 0.1 ,
Sh* —0,02 9830 0,82 | 0,226 —1,2% 2773 . — 8 )
Bi* 1,33 7430 0,475 0,157 —0,11 204 2,8 1,4
*The column log Yy shows for these systems the coefficients of the equations E;=A+B-
10" T [4], where E, is the emf between the metal and its two-phase (L+compound) melt.

Translated from Atomnaya Energiya, Vol. 47, No. 3, pp. 180-181, September, 1979, Original article sub-
mitted February 13, 1978, . :
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TABLE 2, Ratio of Separation Factors of the Elements Me; and Me, Obtained with KC1—-NaCl
Melt (Q) and Other Solvent Salts (Q")

) I Ef=A+8-T E}=Aa4+.8-T 18QQ =A+ B.T1 | Q/Q’
Mei“‘ Mem+ MeCl — == -
-A B.104 -4 | B-10¢ | A B 1000 I 1100-
Uss | Zr¢ LiCl 2,83 6,0 2,40 ] 6,0 0,30 —1227 0,12 ] 0,5
NaCl 4 2,99 6,7 2,58 6,7 0,30 —907 0,25 1,30
NaCl-—KCl | 3,01 | 6,6 2,66 6,8 ¢,00 0,00 1,0 1,0
) KCl 3,12 k 7.1 2,82 7,7 —0,61 756 1,4 1,2
) ] €sCl 3,18 7,4 2,8 | 7,7 —0,14 756 4,2 3,5
Pud+ U+ | LiCl 3,46 - 9,4 2,83 6,0 1,06 907 1,4 1,7
NaCl _ 3,60 . 9,8 2,99 1 6,7 0,61 605 1,0 1,1
LiCl—KCt 3,57 9,7 2,84 54 —2,42 —2420 1,0 0,6
‘NaCl—KC 3,58 9,3 3,01 6,6 0,00 0,00 1,0 1,0
KCl 3,76 | 10,8 3,12 | 74 1,51 1059 2,8 3,6
. C§Cl 3,87 11,6 3,18 7,4 2,27 1815 2,8 4,2
Tha+ Us+ LiCl 2,90 6,0 | 2,83 6,0 0,40 202 4.0 3,9
N_aCl 2,98 5,9 2,99 6,7 —1,21 1815 3,4 2,8
LiCl—KCl - 3,00 6,0 2,8 5,4 1,61 —1613 1,2 1,4
NaCl—KCl 3,09 6,4 3,01 6,6 0,00 0,00 1,0 1,0
KCl 3,17 6,7 3,12 71 —0,40 605 1,5 1,4
CsCl 3,25 6,9 3,18 7.4 —0,61 202 0,4 0,4

for cadmium, lead, and indium electrodes, 10%-10° for bismuth and zinc electrodes, and 10*-10° for gallium and
aluminum electrodes. Considering the results of separation of rare-earth metals with liquid metal electrodes
{1, 5], one should expect that the separation factors of uranium and cerium {neodymium, praseodymium) will be
similar to, of uranium and dysprosium (erbium, yttrium) by 1 order of magnitude greater than, and of uranium
and samarium (ytterbium) by 2-3 orders of magnitude greater than, the separation factors of uranium and lan-
thanum. The separation factor of uranium and plutonium varies within 2 orders of magnitude depending on the
nature of the liquid metal solvents employed, increasing in the order Cd, Zn, Bi, and Al and reaching 10%-103

for aluminum electrodes.

Zinc electrodes are efficient separators for uranium and zirconfum. With zine, indium, and lead elec-
trodes one should expect enrichment of the metal phase with thorium, and of the KC1=NaCl melt with uranium,
No significant separation of these elements should be expected with tin and bismuth electrodes. Preferential
accumulation of wranium should be observed on gallium, antimony, and aluminum electrodes. Selection of the
liquid metal solvent makes it possible to change the separation factor of uranium and thorium within more than
2 orders of magnitude.

Less marked is the effect of the solvent salt on the selectivity of electrochemical processes in the
liquid metal—salt system (see Table 2). The effect becomes appreciable only when the ions of elements being
8eparated have markedly different z/ parameters. For example, in the solvent series from lithium chloride
to cesium chloride, the separation factors of uranium and zirconium decrease, and of thorium and uranium in-
crease by more than 1 order of magnitude as a result of more intense complexing in the salt melt and stronger
complexing bonds of Zr4t (z/ =4.88) and Th?* (4.21) in comparison with Ut (2.88) ions. Higher temperatures,
as a rule, reduce the selectivity, particularly with bismuth (Pu—U) and zinc (U~Zn) electrodes.

&t is interesting to compare the electrochemical separation factors of elements in metal —salt systems
with those obtainable in well-known separation processes (e.g., by extraction). The separation factors of ions
of the above-considered elements by extraction of 0.3 M by tertiary amine solutions out of 2 M HNOj, are as fol-
lows {6]: 4 for U/Th**, 2 for Th*/U(VY), 10° for Put*/U(VD, 10% for Put* U, 4-10® for Utsm®, 5+ 10° for
U(VD)Sm*, 4-10* for U‘J'/Zr‘“", 3+10° for U(VD)/Zr**, & is seen that the selectivity of electrochemical pro-
cesses in liquid metal—salt systems is similar to that of extraction by organic solvents.

The above results indicate the possibility in principle of separation of uranium from fission p’roducts_,
plutonium, and thorium by electrochemical methods, and the considerable effect of the nature of metal solvent

salts and temperature on the process selectivity.

LITERATURE CITED

1. V. A, Lebedev et al., Zh, Fiz. Khim,, 46, No. 9, 2356 (1972).

2. M. V. Smirnov, Electrode Potentials in Molten Chlorides [in Russian], Nauka, Moscow (1973).
3. V. L Silin and O. V. Skiba, Preprint NIIAR P-118, Dimitrovgrad (1971).

4. V. A, Lebedev, At. Energ., 41, No. 1, 33 (1976).

732

Declassified and Approved For Release 2013/02/15 : CIA-RDP10-02196R000800020003-2



Declassified and Approved For Release 2013/02/15 : CIA-RDP1 0-021 96R000800020003-2

5. A.V.Kovalevskii, V. A, Lebedev, and L F. Nichkov, Tsvetnye Met., No. 11, 45 (1973).
6.  Oke W. Hultgren, in: Reprocessing of Power Reactor Fuels [in Russian], Atomizdat, Moscow (1972), p.
-103. . ' ; .

DETERMINATION OF NEUTRON AND RADIATION COMPONENTS
"OF ENERGY RELEASE IN BORON-CONTAINING RODS USING

GRAY CHAMBERS
V. P. Polionov, Yu. G. Pashkin, = . UDC 621.039.562.24
and Yu. A, Prokhorov g : . B

" Well-known methods based on reaction speed and calorimetric measurements were used to determine the
energy release in boron-containing fuel rods in the PF4F8 critical assembly [1-3] in which the ionization

. method using a Gray chamber was also tested. Unlike the methods used in [1, 2], the ionization method makes

it possible to fixid the neutron and radiation components of energy release which is important for design pur-
poses. The method is quite simple and provides reliable results with an acceptable accuracy. Tts sensitivity
is approximately 10 times the sensitivity of the calorimetric method [2] and amounts to ~ 10~ W/g for natural
boron. ‘ S ’ o '

The detei‘minatibn of energy release in boroﬁ-contéining material is based on the well-known Bragg—Gray
principle [4] which establishes the relation between the measured ionization of a gas confined in a cavity of a
solid body and the release of energy in the walls of the body. o ' '

The energy release per unit volunié of the medium is given by

. ngol AU (C¢ { )
omwim Al Cetind g, M
where W is the average energy of ion pair production in gas; f, ratio of stopping powers of the chamber mater-
ial and the gas per electron; nggs) and Dgass number of electrons per unit volume of the solid body and the gas,
respectively; AU, change of chamber potential during jrradiation time t with a power N; Cg and Cyj,-capacity
of the chamber and the measuring instrument, respectively; Ve, chamber volume; e, electron charge; ‘7, ion
collection efficiency in the gas gap of the chamber; and K, an extrapolation factor described below, The term
AU(CppitCe)t is henceforth called the chamber current.

Measur ements were conducted with plane-parallel chambers. The gas gap was formed between the faces
of two boron carbide cylinders 20 mm in diameter which are a part of the boron rod. The chamber is fitted
with a device for varying and monitoring the gas gap.

If 2 chamber with a gas gap 6 is ﬁlaced in a reactor radiation field, the current I5 flowing in it is givenby
| Io=Ig+TLitIBct et Tk, , @

where I, Irj, and IB,C are neutron components due, respectively, to the products of (n, @) reactions in !B and
to recoil nuclei of boron and carbon produced by their interaction with neutrons, the latter component being
negligible in comparison with the first one; Ly is the radiation current component measured with a special boron
carbide chamber in which the gas cavity is shielded by an aluminum foil from the (n, @) reaction products, and
Iy isaleakage current determined in the absence of reactor radiation and found to amount to only 3% in our
conditions,

For a "zero" gas gap, for which Eq. (1) is true, the chamber current components differ from currents
flowing in the chamber with a finite gas gap for the following reasons: the Bragg—Gray condition [4] that the
fraction of particles entering the gas gap with a residual range less than the gap length is negligible is not com-
pletely satisfied; the neutron flux on the inner surfaces of chamber electrodes increases in the presence of a
gas gap; an edge effect takes place in which a fraction-of charged particles, mainly from the edges of elec-
trodes, emerges at an angle to the chamber axis and leaves the sensitive volume of the chamber without fully

Translated from Atomhaya Energiya, Vol. 47, No. 3, p. 182, September, 1979. Original article submitted
April 17, 1978.
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TABLE 1. Energy Release in Boron Rod Measured by leferent Methods

-
Meth od ) Energy release, 10 W/g
. " neutron component total energy release
" Ratio of reaction speeds [1] _ 1.34+0.03 -
Calorimetric [2] | . 1. _ - o 1.43x0.16
Ionization ' 1.30 + 0.09 a 1.43+0.1

spending their energy. These effects diminish with decreasmg gas gap and vamsh completely in a "zero" gap.
In this case, the chamber current satisfies all conditions of the Bragg—Gray equation [4].

_To find the chamber current at "zero" gap, we have subtracted from the currents obtained with 0.07 and
0.5 mm gas gaps the radiation current component and the leakage current at these gaps. Then; we have deter- -
mined the parameter x in expression (3) which describes the current in a plane-parallel chamber due to « par-
ticles and lithium nuclei taking into account the g2s gap d1mens1ons expressed in o partlcle track lengths:

sl [1““(’““‘“ J+u[1‘—(1+l"”‘)]}’ - @)

where k is the ratio of track lengths of « particles and lithium nuclei. This expressmn has been obtained for a

small gap assuming an isotropic angular distribution of reaction products: helium and lithium nuclei, Next we

have determined the neutron component of the chamber current for a "zero" gap wh1ch is 1,13 times the clirrent
" for a 0.07-mm gap. The obtained data are listed in Table 1.

~ The results confirm that the measurements are correct and mdlcate the possibility of usmg the ionization
method for measuring the energy release components in boron rods in low-power critical assemblies with an
accuracy acceptable for practical purposes. The method is quite simple and easy to implement. The reactor
power was measured by the frequency method by S. A. Morozov to whom the authors express thexr gratitude.
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PHOTOPRODUCTION OF NEUTRONS IN A THICK LEAD TARGET

V. I. Noga, Yu. N, Ranyuk, _ : UDC 621.384.64.038.624:539.125.5,03
and Yu. N. Telegin ‘ :

The purpose of the paper is a study of the yield of neutrons from a thick lead target bombarded by 230-
and 1200-MeV electrons in linear accelerators of the Physicotechnical Instutute of the Academy of Sciences of
the Ukrainian SSR. The experiment was staged as follows. A beam of electrons hit a lead target in the form
of a 0.2-to 8-cm~thick cylinder with a diameter. of 2.5 cm. Neutrons were counted by the method of radioactive
indicators [1]. Neutron detectors (aluminum samples) in the form of 0.5=cm-thick disks 3 cm in diameter were
placed at a distance of 15 cm around the lead target at definite angles with respect to the electron beam direc-
tion. The activity induced by the 21A1(n, p)%"Mg reaction was measured with a ¥ spectrometer consisting of a’
Ge(Li) detector and a "Langur" spectrometer. The spectrometer was connected to an M-6000 digital computer
which recorded and processed the spectra. S ' ‘

The various reactions of neutron=nuclei interaction used for neutron detection by the method of induced
activity result in the production of radioactive nuclides. Most suitable for this purpose under conditions of ¥
background are (n, p) reactions for which the background process is the photoproduction (v, n*). Since the
photoproduction process is about 140 MeV, ¥ quanta do not contribute to the measured activity below this energy,
while for E.},>140 MeV their contribution is negligible because of the small photoproduction cross ‘sections of
7 mesons as compared with the (n, p) reaction cross section. However, the use of (n, p) reactions leads to
practical difficulties associated with the need of a monoisotopic detectors. The 2TA1(n, p)?™Mg reaction used by
us is one of the most suitable reactions for practical applications,

_The angular distributions of neutron &ield obtained for different target thickness and eleciron energies
are nearly isotropic indicating that evaporation is the main neutron production mechanism, The integral neu-

tron flux was calculated from )
) fn=A4nkR/[Cgf,

3
=]

f_, neutrons/electron
=)

4|Illll|]»
¢ 1 2 3 4 § 6 7 1p,cm

Fig. 1. Neutron yield f;, as a func-
tion of target thickness lpp at 230
O) and 1200 MeV (@).

Translated from Atomnaya Energiya, Vol. 47, No. 3, pp. 183-184, September, 1979, Original article sub-
mitted June 26, 1978.
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Fig. 2, Neutron yield f,, as a func-
tion of electron energy E, under
saturation conditions: results of
[3, 4] @), our results (Q); ———
calculated in [5], —=calculated in
[6]. '

where kv is a factor gccdupting for neutrons with an energy below the reaction Ithr'eshold, and R is an activation
integral (cm%r - electron) [1]. The neutron production cross section was described by the single-step function

0 for Ep < Qefs
OplEn) = {.Gef for En>0Qp

where Qgf and- gef are, respectively, the effective threshold and the ef_fective threshold cross sectic}p, In our
case Qgf=4 MeV and 0ef =30 mh. To find k the neutron spectrum was represented by the expression

9 (En) ~ En exp(—En/T),

where E is the neutron kinetic energy and T is a constant. The constant T was calculated from experimental
data on the spectrum of neutrons from a tantalum target obtained for a maximum bremstrahlung beam energy
of 140 MeV [3], The estimated error of f, 18 # 30%. Absorption of neutrons in the lead target was neglected.

Data shown in Fig. 1 as well as gimilar results of other works ' [4] indicate that the behavior of f,{Ipp) is
the same for different electron energies Eq and is characterized by the fact that neutron yield saturation begins
at a certain target thickness. The minimum target thickness I min corresponding to saturation depends on Ey.
.-The thickness Imin Shifts toward greater thickness with increasing Ej, This must be taken into account in

selecting optimum target dimensions for a given initial energy.

Of special interest is the dependence of neutron yield on electron energy since there is a practical possi-
bility to vary this yield in partieular when the accelerators employed have a high upper energy limit. Figure. 2
shows the available calculated and experimental data concerning the dependence of the yield of neutrons from a
lead target on E;. To within an acceptable error the results obtained in [5] agree with experimental results,
The results calculated in [6] are considerably lower than other data. It can be assumed that the discrepancy is
a result of the fact that the processes leading to neutron production were not fully accounted for. This is parti-
‘cularly important at energies exceeding the pion photoproduction threshold.
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MATHEMATICAL MODEL FOR CALCULATING FISSION

PRODUCTS CONCENTRATION AND ENERGY RELEASE

L. I. Médvedoyskii, E. S. Stariznyi, | - - ~ UDC 621.039.55
V. A. Cherkashin, V. A, Rudoi, ‘ ' RERLEE
and K, I, Stepanova

The solution of certain problems associated with the design and application of uranium radioactive loops
requires calculation of fission products concentration and of the three-dimensional distribution of Y-and B~
radiation energy release and its spectral composition in c:rculatmg nuclear fuel. Methods and results for cal-
culating these characteristics in nuclear reactors with noncu‘culatmg fuel have been published in several works
[1-3]. Design works, as a rule, do not take into account isomeric trans1t10ns direct generation of nuchdes in
chains, and burnup of active nuclides. We have designed a mathematical model of the accumulation of fission
produets in circulating nuclear fuel and devised a method for calculating the radiation characteristics of ura-
nium radioactive loops (distribution of the power of 'y and § radiation and their spectral composition in the
uranium radioactive channel). This mathematical model can also be employed for calculatmg the radlatmn
characteristics of fission products in pulsed reactors, in wh1ch burnup of fission products is espec1a11y h1gh
and in nuclear reactors with fixed fuel.- C

Consider all possible transmutatlons of flssmn product nuclei. A nucleus (including isomers) can be gen-
erated dlrectly in fission, as a result of neutron capture by an isotope of lower mass, as a result of decay of its

Fig. 1. Initial (a) and:linearized (b) chains (O, isomer; @, ground
state): 2 1) (1=ofjBlap) MogjAiags 2) 011..1J+17‘1-1J+1A1-1,+1, 3)
l" +2§>A1_ +2,4) 01-1J+2‘I>A1—1]+2’ 5 (1 011]'*'1))‘ ]+1A ijt1s 6): @ij+q°
1]+1A1J+1’ 8 BliMiAtis 8) Yij-aZ£ %5 b 1) Agi i 2Ai-1j-25 2) Agjgjt ”
:Al-—]-h 3) Ml—]Al-—y 4) Oj—1j+1- ‘I’Al—1]+h 5) Yij-1Z¢ @,

' Translated from Atomnaya Energiya, Vol. 47, No. 3, pp. 184~186, qeptember 1979, Orlgmal article sub-
mitted July 17, 1978;.revision submitted Jamary 25, 1979,

~
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Fig. 2. Comparison of results obtained by the
proposed method with experimental data: 0O)
data- 2}, O) data {4], V) data [5], @) data [6],
—) our results.

isomer (if the nucleus is not an isomer), and as a result of decay of an isobar and of an isomer of isobar with
smaller nuclear charges. The generated nucleus can capture a neutron, pass into a ground state (if the nucleus

is an isomer), into an isobar next in the chain, and into an isomer of the isobar next in the chain, All these pro-
cesses are reflected in the following system of differential equations:

( dAyy/dt=ygy2g0—hyjdsj—0y @A+ gahisrdiga+
N LTI MR +ﬁg,7v,,4¢,+°i-11441-11,
{ dAu/dg__yu 2,@ A"LJAiJ_G @Aij-f-(i tJ—i—
—Bi5— )My 14ijog A —iyn) hgadiyat '
[ +0i-104i_ g Q)

where A;: is the concentration of the j-th nucleus in the 1-th cham- yi], probab111ty of output in fission; Zf,
nuclear tJuel fisgion macro cross section; &, thermal neutron flux density; 7‘1 » decay constant; oj;, heutron cap-

ture micro cross section; « and 8, probability coefflclents {Fig. la) quant1t1es marked with strokes corre-
spond to isomers.

To simplify the solution let us arrange isomers with ground states in one chain numerating them so that
a nucleus with a higher number cannot turn into a nucleus with a lower number; transitions take place between
nuclei with numbers differing by not more-than three.’ The concentration Ajj of isotope (i, ]) in the mixture can
then be described by a single equation (see Fig. 1b):

dA;/dt= Yu—AuAu+P:-1/+A4-xj+7~au'-gAu-s Fhaig-aigg+ by sy @ ‘
44 (0)=Byj, )
where
Y= yyZs®; piy=0u®: Ay=hs+0i5i
. T 3
CRngor=Myrouss D) Gusen=1.
. _ N .
Here Ojjj+k is the probability of transition of nucleus (i, j)'into the nucleus (i, j +k).
Since nuclear fuel in a uranium radioactive loop enters the neutron field periodically, for each elementary
volume we have :
O, if 0ty
o@= {0 L U= L
D=0 if tp<t<tptriy :
™Ay O ="A (tp+1), @)
where ty is the time nuclear fuel spends in the reactor core; ty, time nuclear fuel is outside the core; nAij ),

concentration of the (i, j) isotope in the n-th cycle of the uranium radioactive loop operation. Under condition
(3), the solution of system (2) is
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i
{A;’j..}- Z Z "Aii‘; exp (—Ant)
E=11=1
A= 1 0ty
. i

S nchexp(—ht) i tp<t<tptiy
=1 .
where
) if A25=(YU+Pi—l!A?_ij'i'xsil-sAg}_g'i‘
hpijedY o+ Mg-1AY_ A
i-1 j—1
i R h
‘ "AE-:"BU—-A?j—‘Z- Z nall Z ndll.
. R=1 1=t . =1
i i) nARl=— nAPl | hgsy gnAR
(kv l)*("v i 1;“-(9!-1} 1.._{]+ 8iJ-8 1]_3+ :
l +A‘2H-2nA?}_2+}"liii-lnA?;!_j)/(Ai]'—Ahl);v

(®)

. i J
nC=A%+ > ) nA% exp (—Antp)i
© k=tl=i -

i~1
i — — l..
ncij_ncgj 2 "Cin
=1

(<) nCh= (hsli—a"cgj_s"}‘lzi}—z"cgj_z-l—-
o MajanCli ) (hig—hegdi
| .
i
nHB; = Z nCl; exp(—hyty)-
1=3 -

\ The specific power of gamma and beta radiation of fission products arranged into r chains of length s-
each amounts at the instant t in the n-th cycle to

T s
P+ 2 Z Uy X
h=1 =1
» re s o X exp (—Ant) .
oW @)= D) D O MEi= | (inside core);

fe=q jm=i ro s ]

5 3, e
k=1 =1 I
| X exp(— M) (outside).

Here ..r“,._ . _ o | ,
P'= 2 Z A?;M"E“;‘ ’"U'“= 2 Z ';Af,l'?-:JEij; ' thx=.inci

=t ==t A1 Bris

i=h j=]

where Ejj is the v (8) radiation energy of isotope @, j).

j=l

The reliability of the results thus obtained depends to a large extent on the fullness and accuracy of ini- -
tial data. The lack of comprehensive data about shortdived fission products considerably impairs the accuracy
of caleulations for short circulation periods (on the order of minutes).

Using the above procedure we have computed the dependence of Y radiation power of the p_roducfs of in~-
stantaneous fission on the holding time. The results obtained are in good agreement with known experimental
data [2, 4-6] for holding times exceeding ~ 1000 sec (Fig. 2). ' . :
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LETTERS TO THE EDITOR

A POSSIBILITY OF REDUCING THE DOUBLING TIME
FOR THERMAL LIQUID-SALT BREEDER REACTORS

V. L. Blinkin . o UDC 621.039.542.4-

Conditions of expanded breeding can be attained in liquid salt uranium—thorium thermal reactors (LSR)
upon continuous extraction of fission products and protactinium from the fuel salt circulating through the active
zone [ 1]. Under such operating’ conditions a breeding coefficient BC =1,064 is achieved in an MSBR-1000 re-
actor, along with a specific fissionable material charge of G'Sp\=1.5 kg/MW (el.) and T,~ 20 years [2]. An
increase in the power capacity and the dimensions of the reactor permits increasing somewhat the breeding
coefficient (to 1,08-1,085) and reducing Ggp to 0.8-0.9 kg/MW (el,), which permits providing T, € 10-12yeatrs
[2-3]. However, such an increase in the efficiency of an LSR is associated with an increase in the tempera-
ture of the fuel salt is is limited by the heat resistance of the construction materials. One can improve the
neutron balance in a reactor by limiting the continuous extraction of the transmutation products of 23U from
the fuel salt. In the neutron balance of an MSBR ~ 4% of all the neutrons is absorbed by 23U nuclei, and the
entire chain of transmutations of nuclides under the action of neutrons from 23U to 242Pu has an effective num-
ber of secondary neutrons % =0,877 in the MSBR spectrum [ 4]. If one excludes 23U and all subsequent nuclides
from the fuel composition of an MSBR, then its breeding coefficient is increased to 1,086, Ggp is reduced to
1.26 kg/MW (el.), and T, is reduced to 13.4 years.

Continuous extraction of U from the fuel salt of an LSR can be accomplished in a specfal installation

* which separates 233U and **U. A mixture of uranium isotopes in the form. of UF, extracted from the fuel salts
by the method of fluorination enters this installation, Such extraction is provided for in the design of the fuel
reprocessing system of an MSBR prior to the entry of the fuel salt into the extractor system. The uranium
extracted from the fuel salt in thé forim of UF; is returned to the loop, being reduced in advance to UF, in &
hydrofluorinator. !

Of course, the isotope separation system leads te 4t increase in the cost of an LSR. However, the im-
provement in the neutron balance, and as a result of this the increase in the breeditig of excess 233U, can com-
pensate for the cost of the separation operation, The total costs of the fuel cycle are determined by the ex~
pression c :

Cr(2)=Caa— AC, [1+F (2], (1)

where C, represents the costs of the MSBR fuel cycle, which comprise the costs of the components of the -
fuel composition, continuous reprocessipg of the fuel, and periodic replacement of the graphite moderator and
ACT is the value of the excess amount of 2’y made in'the MSBR (without extraction of ¥y);

F)=ACE _AG@E). , . Dp o R , €2y

CuAG, ~ AG, AG "

where AG (x) is the amount of excess 23%U made in the LSR per unit time with an equilibrium **U concentratish
x in the mixture of **U-and 24U in the composition of the fuel salt, AGy= AG(x,), x,=0.258 is the equilibrium
concentration of **U in the MSBR in the absence of isotope separation in the fuel cycle; £ =Cys.6./Cy, Cuisio,
is the cost of a unit separation operation, Cyy is the cost of unit mass of 3%, AC (x) is the changé in the valug
of the excess 2*U produced upon extraction of 3y, and Dp =Dy (x; Xp, %w) is the separating capacity of the stage,
which depend on the flows in the separation stage and on the concentrations x, Xp, Xw of 247 tn the supply, ex-
traction, and return (to the fuel salt loop) flows, respectively [5]. :

The quantity AG(x) =AG(x, X;,) depends both on the equilibrium ¥y conceritration x and on the losses of
the 233U extracted from the system in the composition of the flow enriched in 23U with concentration 1—x, of
233y, The function F depends on three independent variables, for which it is convenient to select x, Xp and xy.
These variables uniquely determine the values of the total flows in the separation stage and the fraction yof
the flow of uranium isotopes removed into the bypass loop of the isotope separation system. In addition, the-

_ Translated from Atomnaya Energiya, Vol. 47, No. 3, pp. 186-187, September, 1979, Original article subo
mitted December 17, 1978, :
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Fig. 1. Dependence of the relative variation of the cost
of excess 233U on the equilibrium concentration of 234U in
the fuel salt of an LSR.
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Fig. 2. The effect of € on the fuel component of the cost
of electric energy Ct (x) and on the equilibrium 23U con-
centration x in the mixture of uranium isotopes in the fuel
salt of an LSR upon the extraction from the LSR of 2%y
under COndlthIlS provtdmg for T, =15 years.

functlon F(x, Xp, xw) depends on € (as on a parameter) It follows from Eqgs.(1) and (2) that minimal costs of
the fuel cycle are achieved when F(x xp, Xw) has the maximum value determined by the condltlons

F )9z, = 0; amz,, —0; F/s=0. ‘ _ .3

The first of the conditions (3) gives Xw =X, However,; it is evident from the balance conditions of the
flows in the separation stage that it is impossible to realize such conditions with a nonzero productivity of
the stage. Therefore we restrict ourselves to the requirement that (x-xw)/x<< 1, The second condition de-
termines the dependence xp =xp(x) which provides a local maximum of F with respect to xp. The dependence
of the function F(x) optimized w1th respect to Xw and Xp is given in Fig. 1 for the parameters of an MSBR [2. 4]
for four values of £, The value £=1.59 1072 correSponds to assumed values of Cy and Cy 5 o for 1980 (Cy=
$680/kg, C'y.s.0=$120/unit separation operation for the separation of 235U and 238U, .andCy g,0=9 Cu s,0=1080
dollars/unit separation operation for the separation of 23U and 2330 [3]). For £=1.59-10~2 the function F(x) =0
when x0.08. Consequently, according to (1) the total costs of the fuel cycle are not increased upon the ex-
traction of 23U, At the same time for x=0.08 and T, =15 years the reactor produces an additional 13.3 kg/
year of 233y, the separating capacity of the stage is 1050 unit separation operatlons/yr and the concentration
of 23U in the enriched flow extracted from the system amounts to 0,983, :

When x=0.02, T,=13.8 years, but F(x)< 0 and the costs of the fuel cycle increase by 10%. However, if
£=5°10"3 @.e., if Cu.s.0, becomes less in proportion to the improvement in isotope separation technology),
then x=0.02 is attained with F(x) =0, and the costs of the fuel cycle are not increased. On the other hand, the
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value of Cy_g o, of a small-capacity (~1000 unit separation operations/yr) separation facility can be larger
by several times than for full-scale separation plants, It is shown in Fig. 2 how the costs of the fuel cycle
depend on € when T, =15 years is provided for by the extraction of 23U, The values of C, and ACT entering
into Eq. (1) were taken as follows [3]: CT =3.67 dollars/kWh and ACT =0,47 X 1073 dollars/kWh, It follows
from Fig. 2 that when €=0.,03, which corresponds to Cy,s.0 =2160 dollars/unit separation operation, the fuel
component increases by only 5% in comparison with its value for an MSBR in the absence of 23U extraction
and with T,=20 years. “

It is important to note that the condition (x—xy)/x<1, which provides for a maximum of F with respect
to Xy, is satisfied with y =1,5°107° —the fraction of the flow of uranium extracted from the fuel salt of an
MSBR reactor in the fuel-reprocessing loop. Therefore, the extraction of U does not require additional ex-
penditures on the fluorination of uranium to UF, and its subsequent reduction, A separation facility can be
placed directly in the loop for the return of uranium to the fuel salt, which is prov1ded for in the design of
an MSBR

Thus, the continuous extraction of **1j from a type MSBR reactor permits reducting T, from 20 to 14-15
years without an appreciable increase in the cost of the fuel cycle and without increasing its power capacity if
the ratio of the unit separation operation cost to the cost of unit mass of 233U does not exceed 0.03, A further
increase in € leads to an almost proportional increase in the cost of the fuel cycle.
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A POSSIBILITY FOR THE USE OF HIGHLY ACTI\_’E FUEL
REGENERATION WASTES OF FAST POWER REACTORS

E. M. Vetrov and E. M. Tkhlov . UDC 621.039.77

Processes have been developed for chemical production with the use of vy radiation, which permits re-
ducing the number of processing stages of the raw materials and in the end gives an economy of raw mate-
rials and energy [1]. The realization of such processes in industry depends on the degree of "readiness" of
the y sources and the level of expenditures on vy radiation. The concept of the readiness of radiation sources
for industrial purposes includes how well the principal parameters of the sources correspond to the require-
ments of radiation chemistry technology (e.g., with respect to strength and degree of uniformity of the adsorbed
dose), the safety of operation of the cources to the population and the environment, and the presence in industry
of an increasing reserve for expanded production of sources. Standard productivity in workshops with radiation
chemistry technology is provided by a y power from tens to hundreds of kilowatts.

The production of ¢Co vy sources for radiation chemistry in an amount of more than 30-50 kW/yr is as-
sociated with the problem of the construction of specialized establishments. At the same time provisions are
made in a nuclear power system for the processing of highly active fuel regeneration wastes (FRW) of fast
reactors (FNR) of significantly greater total v power. The potential possibilities of FRW as sources of radi-
ation for radiation chemistry productions are discussed with application to the physical characteristics of
borosilicate glass, whose composition is recognized as one of the most promising for the extended storage
of hardened fission products [2-5]. This glass is also assumed to be suitable for the fixation of FRW of fast
neutrons. For FRW with a holding time of from 3 months to 30 years the y activity of such glass amounts to

Translated from Atomnaya Energlya, Vol, 47, No, 3,’pp. 187-188, September, 1979, Original article
submitted July 17, 1978,
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from 0,25 to 25 g. equiv. Ra/ cmS? for the optimal content of fisston products (~16 mas %). Within these limits
of holding time the effective coefficients of true absorptton of y radiation of a mixture of fission products in
water-equivalent media and iron-based construction materials are practically constant, Takmg account of
the recommended geometry of containers for the storage of vitrified FRW (solid and hollow cylinders up to
200 and 1200 mm, in diameter, respectively), the following working dimensions of y sources are assumed:
Dla.meter of solid cylinders of 60-200, hollow-600 X (5-10), and height of 200-400 mm. The efficiency of the
solirces (in containers made of stainless steel up to 2 mm thick) is 0.75-0.5. When the efficiency of devices
for v radiation ~ 0.2, the expected strengths of the absorbed dose amount to 5-500 rad/sec, dependmg on the
holding time of the FRW. The radiation of FRW with a holding time less than 3 years should be used at the
site of their production, but with a longer holding time they can be used in installations situated outside a

~ radiochemical establishment, The suggested dimensions of the sources permits operating them with the use

of systems of equipment which are inexpensive in comparison with the unloading machines of reactors and

‘which have been developed for radioisotope y-facilities [6] in connection with a speclfic v strength of the same
order as the fuel unloaded from reactors

Conditions with a temperature dlfference less than 600°C, which are safe for v1tr1fied FRW, are expected
in the presence of the compulsory gas or water cooling in the 1rrad1ators of nuclear installations [7]. In emer-
gency situations vitrified FRW, being appreciably more resistant to leaching, pose less danger of radioactive
contamination of the environment than materials of *°Co and '¥Cs sources. The cost of y radiation sources
based on FRW can be determined as the fraction of the expenditures in nuclear power which is necessary for
vitrification and sealing up of FRW.,

The acquisition of FRW by the chemical 1ndustry will provide an economy for nuclear power in the con-
struction and operation of speclahzed storage facilities for highly active hardened wastes.

Expansion in productlon of the strengths of y radiation of FRW Wthh is estunated to be pr0port10nal
to the anticipated increase in nuclear power capacities, makes it advisable to create in the near future an ex-
perimental industrial facility with-a capacity of the order of several tens of kW, and in the long term —the .
construction of a number of facilities with a capacity of hundreds of kilowatts in a design for tranSportable
FRW with a holdmg time of only 2-3 years.

The data given here permit cons1deratlon of the problem of the necessity for an all«round development
of vitrlfl catlon technology and the apphcation in thé national economy of the radiation of hardened highly active
wastes of fast reactor (FNR) fuel regeneration, o
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USE OF A CRYSTAL SYNCHROTON TARGET -
TO OBTAIN A POSITRON BEAM

V. G. Potemkin and S. A. Vorob'ev ' ' v UDC 539.124.6

It is known that if the energy of an electron beam is high enough its interaction with a single crystal ori-
ented in a definite way exhibits interference effects. The use of this phenomenon is of interest for increasing
the intensity of a positron beam with an angular spread smaller than the critical channeling angle.. In view of
this, experiments were performed on the effect of the shape of the energy spectrum of a collimated beam of
bremsstrahlung photons of a synchrotron on the double d1£ferent1a1pos1tron yield dzN"'/dE“'dQe""/e (MeV - sr)-l'
from an amorphous converter,.

The bremsstrahlung beam, which had an angulé.r spread of 0.8-1072 rad, was obtained from the slowmg
down of accelerated electrons in internal targets of the Sirius synchrotron [1]; in a tantulum target 0.4°1073
(0.1X,) thick, and in a diamond target (10X 6X2)-10"%m (1.52-10~ 2Xo) thick,

The diamond target was located so that the angle between the [110] crystallographic axis and the momen-

- tum of the electron beam P, was 8=1° 59', and the angle between the (001) crystal plane and P, was =76° 50',
The bremsstrahlung beam from this target was ~40% linearly polarlzed in the horizontal plane for the first
interference maximum, which corresponds to a photon energy K =E./E(=0.33 for EO— 800 MeV. Figure 1 shows
spectra of bremsstrahlung beams from diamond and tantalum targets measured by a magnetic pair spectrom-
eter with an energy resolution of ~ 3% for the conditions described in [2]. The total energy of the bremsstrahlung
beam from the tantalum target was 1.4 times as large as that from the diamond, but in the range of photon en-
ergies corresponding to the first maximum the intensity of the photons from the dlamond target was 1.3 times
as large as that from the 0,4 <10~% m thick tantalum target,

Positrons were produced by the bremsstrahlung beam in copper converters 0.22X, and 0,44X, thick. The
photon beam reached the converter after penetrating a 3-1073 m thick duralum plate in the connecting tube of
the accelerator vacuum chamber and a layer of air, which altogether amounted to 0.095X,. :

The yield of positrons at an angle 9% 0°, where 6 is the angle between the direction of the photon beam
and the positron momentum P, (MeV/c), was measured directly in the experiment. Positrons were recorded
by the telescope of 2X scintillation detectors. The resolving time of the recording system was 0.7 -10~¢ sec, -
the error was ~1,3% for fewer than ~ 10* positrons/pulse, the duration of the synchrotron radiation pulse was
20 msec, and the current of accelerated electrons was (20-30)- 10~ 3 A. The positron energies were analyzed
by a magnetic spectrometer on a SP-57-1-A base with pole pieces having an angular aperture of 38° and a reso-
lution of 5.8% [3]. The results of the measurements were normalized to the readings of a thin-walled ionization
chamber-monitor [4]. The total error of the measurements did not exceed + 20%. The measured values of
aiN‘/ dE ;d®? from beams of bremsstrahlung photons with various energy spectra are shown in Fig. 2

The appearance of a peak on the curve for the positron yield, d*?N'/dE . d2 =f(E,) at §= 0° can be explained
by the contribution to the bremsstrahlung intensity by coherent bremsstrahlung. photons of the first interference
maximum, The latter are radiated into a small angular cone substantially smaller than that formed by the
system of collimators. According to our investigation the intensity and monochromaticity of the positronbeam
produced by coherent photons of the first interference maximum depend on these same parameters of a beam
of bremsstrahlung photons with a quasimonochromatic spectrum. For more complete collimation, when the
angle 6c0] <m,c?/E,, the natural angle of emission of bremsstrahlung photons, the inccherentbremsstrahlung
intensity is decreased, and the effect under discussion is more pronounced. The positron yield at 6~0° thus
Adepends not only on the thickness of the amorphous converter for Eymax ~E(=const, but also on the thickness
and orientation of the single crystal relative to P,. The experimental data obtained are in satisfactory agree-
ment with the results of theoretical calculations of d?N*/ dE . d? performed by the Monte Carlo method using a
program {5} for a photon beam with a quasimonochromatic spectrum (cf. Fig. 1}, but without taking account of
the polarization of the photons. The effect of linear polarization of bremsstrahlung photons on the positron
yield was not investigated,

Translated from Atomnaya Energiya, Vol, 47, No. 3, pp. 188-189, September, 1979. Original article sub-
mitted July 31, 1978; revision submitted February 6, 1979.
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Fig. 1. Bremsstrahlung spectra from 1) a crystal and 2) an amorphous target normalized to
the same number of dumped electrons.

Fig. 2. Positron yield d*N*/dE +d@ from beams of bremsstfahlung photons with various en-
ergy spectra for a copper target 0.22X, thick; A, yield of positrons produced by bremsstrah-
lung from an amorphous target; V, the same from a crystal target; O, calculated by Monte

Carlo method with program in [7]. Measured and calculated data normalized to an equivalent
v photon, ' '

According to our data a beam of positrons can be obtained in a given range of angles and energies with a
monochromaticity and intensity determined by the corresponding parameters of the first interference maxi-
mum., The position of the positron beam and its intensity can be changed by varying the angles of orientation
and thickness of the single crystal while maintaining constant values of the parameters of the beam of accel-
erated electrons generating coherent bremsstrahlung. The single crystal used is optimum from the point of
view of the amplitude of the interference maxima, since it has the greatest close-packed structure with a fec
lattice. The orientation of the crystal was chosen so as to achieve maximum polarization for performing ex-
periments on the photoproduction of mesons, The class of orientations in which the contributions to the inter-
ference maximum give some points of the reciprocal lattice of the single crystal, and the photon beam has a
smaller polarization but higher inteunsity, is much preferable for this purpose, From this point of view, the
expedient orientation of a single diamond crystal is $=0, a=0, An appreciably larger increase in the positron
yield for a converter thickness close to the optimum of ~ 0, 5X, can be achieved for an energy E < 0.35 E-ymax-
The angle of collimation of the photon beam and the spread of the positron beam remain the same as in experi-
ments with a beam of photons from an amorphous target. The system combining an internal crystal target with

an amorphous converter is of practical interest for experiments lmposmg restrictions on the size or angular
spread of the positron beam

In conclusion, the authors thank Prof, A. N. Didenko and senior scientist V M. Kuznetsov for makmg it
possible to perform the measurements.
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GAS-CHROMATOGRAPHIC APPARATUS FOR DETERMINING
CARBON IN URANIUM AND URANIUM DIOXIDE PELLETS
WITH SERTIAL LOADING OF SPECIMENS

V. A. Nikol'skii, V. K. Markov, ' UDC 546.264
A, S, Panov, and B, 5. Valyunin

‘The allowable carbon content in metallic uranium and uranium dioxide pellets is determined by the con-
ditions under which these materials are used in nuclear power engineering: The more stringent the conditions
of the application of these materials, the higher the requirements as to their purity. For example, in order to
avoid carbonization of the fuel~element can the carbon content in UO, pellets should not exceed thousandths of
a percent, :

The methods described in [1-4] for determining carbon in metals, methods based on burning the analyzed
material in a stream of oxygen, have the major drawback that only one boat with the specimen under analysis
is loaded into the tube for combustion, Since the apparatus is.opened to load a specimen, air with carbon-con-
taining gases enter, This results in a higher correction for the blank test (one for each determination) and,
therefore, a higher limit for carbon detection. Thus, low carbon contents in materials are made with large
(1-5 g) specimens [3, 4] whichisextremely undesirable for actinides because of safety considerations.

Small weighed portions (10-50 mg) are used in conductometric techniques [5, 6] for determining carbon
" in uranium but the necessity, after each specimen, to check the airtightness of the instrument and to eliminate
from it CO, which may have entered with air stretches each determination out to 1 h or more,

A rapid, highly sensitive gas-chromatographic method is proposed for determining carbon in metallic
uranium and UO, pellets: By burning the analyzed material in a stream of oxygen and then concentrating and
measuring the liberated CO, with a KhL-4 chromatograph. '

A distinctive feature of the apparatus (Fig. 1) is the combustion unit consisting of a quartz tube 8 tolength
1-1,2 m and diameter 20-25 mm, moving on rails along the tube of the furnace 11 with Silit rods. Before the
operation begins the furnace is moved to the extreme right-hand position, the ground-glass joint is removed
from the tube, and a number (up to 20) of boats 9 with specimens are loaded into the cold zone at one time, Be-
hind the first boat, counting from the furnace, a magnet places a steel ball 10 whose mass and diameter allow

8

10 1
/|

L

N

Fig. 1. Gas-chromatographic apparatus for determining
carbon in uranium and UO, pellets with serial loading of
specimens: 1, 2, 4-6, 8-11, 13-15) see text; 3) reducers;
7) rotameter (PS-3A with lightened float); 12) vacuum hoses;
16) Dewar flask with cooling mixture; a) to atomOSphere, b)
to chromatograph.

Translated from Atomnaya Energiya, Vol, 47, No. 3, pp. 190-191, September, 1979. Orlglnal article sub-
mitted August 7, 1978,
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TABLE 1, Determination of Carbon in Uranium

Specimens
Metallic uranium " ) Uranium dioxide ,
weighed carbon weighed carbon

partion, mg  |content, portion, mg | content,o

1,4 0,119 30,7 0,0059

20,3 0,112 58,3 0,0052

50,7 0,109 1504 0,0058

. 200,3 0,110 300,2 0,0055

400,7 0,412 | 6904 0,0054
1050,4 0.114 — —
2052,2 0,109 — -

the boat to be moved (pulled) along the tube by means of an external magnet, The diameter of the tube is chosen
so that the ball would pass above the boat. After the loading and a blank test combustion is begun: The ball is
used to move the first boat to the edge of the furnace, the ball is then returned to the cold zone and placed be-
hind the second boat, and the hot furnace is pulled onto the first boat. After the combustion of the first speci-
men the furnace is moved to the extreme right-hand position, the second boat is moved up against the first,

the ball is placed behind the third boat, and the furnace is moved onto the second boat and the entire series is
andlyzed in this way.

The CO, is concentrated in a U-shapedtrap 15 (metal of length 0.5-0.6 m and diameter 4 mm, filled with
silica gel particles of diameter 1-0.5 mm). During concentration of CO, the trap is cooled with a mixture of
acetone or alcohol with dry ice. As the CO, is flushed out the trap is heated with water,

To purify the oxygen 2 and helium 1 from CO, impurity and water vapor the apparatus is furnished with
two traps: Metal tubes of length 1 m and diameter 18-20 mm with activated molecular sieves 5 and Ascarite 6.
The oxygen is furthermore passed through a furnace 4 with CuO, heated to 700-750°C in order to oxidize the
carbon-containing gases (including CO) to CO,.

The streams of oxygen and helium are switched by using a six-position valve 14 which can take two posi-
tions. In the first position (solid lines) oxygen passes through trap 15 and in the second position (dashed line),
helium passes.

In order to purify the oxygen coming out of the combustion tube from sublimates, dust, and aerosols the
apparatus is provided with a tran 13 (a tube filled with fiberglass and a Petryanov cloth membrane). The tech-
nique of the analysis as a whole reduces to the following. Once the chromatograph has reached operating con-
dittons a series of boats containing the specimens to be analyzed are loaded into the combustion tube 8 and a
blank test is performed, When the apparatus has been found to be airtight and the oxygen and helium have been
found to be purified well from carbon-containing impurities (according to the data of the chromatograms of the
blank test) analyses are begun: The furnace, which has been heated to the desired temperature, is moved onto
the first boat; after the time established for complete combustion of the carbon from the specimen valve 14 is
switched and trap 15 is heated; the CO, travels from the trap to the chromatograph, whose signal is recorded
on a recorder chart.

The apparatus can be used to analyze radioactive materials (metals, alloys, oxides), from which carbon
is extracted quantitatively in the gaseous phase as CO, at a temperature no higher than 1200°C, It was dis-
covered that carbon is burned out of uranium metal shavings completely at a temperature of no less than900°C
in 1 min with an oxygen flow rate of 100-150 cm3/min, :

Determination of carbon in UO, is carried out at a temperature no lower than 1000°C. According to our
data and those of [7], the separation of any gas mixture concentrated in the trap is advisably carried out in a
silica gel column of léngth 1 m at room temperature with a carrier-gas (He) flow rate of 120 cm®/min,

Table 1 gives the results of the determination of carbon in metallic uranium and its dioxide; it is seen
that for such analysis it is sufficient to have weighed portions of 20-30 mg. The limit of detectability of carbon
with a weighed portion of 300 mg is 2- 107¢ wt. %. However, in analysis of UO, containing less than 3° 107%
carbon the result may be overestimated owing to sorption of CO, from the alr by the carbon dioxide, The dura-
tlon of a single determination of carbon {s 7-10 min in the case of uranium and 10-15 min in the case of UO,
pelléts.

The reproducibility of the method in determining 0.11%, 0.048%, and 0.02% carbon in uranium is char-
acterized by a variation coefficient of 6%, 11%, and 18%, respectively, and in determining 0.01% and 0.006%
carbon in UOQ, pellets, 11% and 17%, respectively.
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a PARTICLE RECORDING WITH.RF-3
FILM TRACK DETECTORS

I. V. Zhuk, A. P. Malykhin, UDC 539.1.074.88
L. P. Roginets, and O. I. Yaroshevich

Increasing attention is récently being given to the use of solid track detectors for recording a particles
(1. ‘

Here we present the principal resulis of a study of the detection of a particles with the aid of triacetate
substrates of various photographic materials: type "FOTO" amateur film, "MIKRAT-200" and "MIKRAT-300"
industrial film, MZ-3 positive film, x~-ray film, multipurpose cinefilm, and RF-3 fluorographic film.* Most
suitable for detection purposes was found to be the substrate of RF-3 film which after etching preserves a
clean surface and a uniformly transparent layer, and has minimum natural background (~5 - 10% tracks/mm?),
Unlike tracks with "ragged" edges which form in the substrate of "FOTO" and x-ray films, the tracks formed
in the RF-3 film substrate have a regular form of circles or slightly elongated ellipses, detection taking place
preferentially on the surface which has been covered with emulsion., For similar processing conditions, the
tracks formed on this surface are more prominent and somewhat sharper. Accordingly, the RF-3 film was
studied in detail, Figure 1 shows the average track diameter as a function of etching time and of the density
of aqueous solution of NaOH. The film was processed at 80°C since higher temperatures impair the detector

- surface and lower temperatures require a longer processing time. The o particle source was a thick @s com-
pared with the mean free path) 0.1-mm layer of uranium with a 90% enhanced content of 2¥U, The principal
emitter was U with Ey=4.8 MeV which was in close contact during exposure with the substrate of RF-3 film
from which the emulsion was washed away. After exposure the detectors were placed in a NaOH solution of
the investigated density and etched at 30 min intervals. After each 30-min interval the detectors were dipped
in a fixing bath (10% solution of acetic acid), vigorously flushed in water, dryed, and photographed under a
microscope always on one and the same portion of the surface. The average diameter-for a group of 50 tracks
was determined from enlarged photographs. Increasing the etching time caused a deterioration of the detector .
surface and of the track quality, whereas a reduction of the etching time and of the NaOH solution density led
to the need of longer detector processing. Increasing the solution density increases the track growth rate and
necessitates tighter processing time and solution density control, ‘The Optlmal detector processing condlttons
were found to be etching of the detector for about 4 h in NaOH solution of a density equal to 1.2 g/cm3,

The effect of etching time on the detection of o particles of different énergies was investigated for the
selected solution density. In this case the « particle source was a thin reference source (OSAI) of *¥py (Eq=
5156 keV) with several collimating diaphragms with a 3-mm aperture. The energy of @ particles passing through
a layer of air and incident on the detector was determined to within 60 keV from well-known relations {2] be-
tween the measured air density and the distance from the source to the detector,

*The films were kindly provided by the V. V., Kuibyshev Kazan Chemical Plant,

Translated from Atomnaya Energiya, Vol. 47, No. 3, pp. 191-192, September, 1979. Original article sub-
mitted August 7, 1978. .
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Fig. 1. Average diameter of a-particle tracks recorded in a 27 geometry as a function of
etchmg time for NaOH solution densities of 1.305, 1.26, 1.22,1,18, 1,17, 1.15, and 1.11 g/
cm? (curves 1-7, respectively).

Fig. 2. Average diameter of tracks produced by a particles normal to the detector as a
function of etching time in NaOH solution of a denSLty 1.2 g/cm? for E,=0.98, 1,44, 1,81,
2.20, 2. 45 2 92, 3,77, and 3 36 MeV (curves 1 8, respectively).
The obtained results (Fig, 2) show that the track diameter is not a monotone function of a-particle energy
and that direct a—partlcle spectrometry on the baSlS of track diameters in RF-3 substrate is possible only with-
in a relatively narrow energy range. :

By increasing the etching time it was possible to detect @ particle of higher energies which penetrated
deeper into the detector. This indicates that only the ends of a-particletracks are detected where dE/dx is
maximum, The detection of « particles with an energy of ~2.5 MeV becomes difficult, and with energies > 3.5

' MeV practically impossible, since the long etching time needed for such energies makes the detector surface

too irregular. To detect o particles with energies of 2.5 MeV or higher normally incident on the detector sur-
face, the particles must be first moderated by an air layer or by thin foils ilms).

To test operation in neutron fields, the detectors were irradiated in the BTS-2 critical assembly [3] with
an average neutron spectrum energy of ~ 600 keV; the density of secondary background tracks on the detector
surface due to neutrons was (1.33%0,11)-107° tracks/ neutron. Irradiation in the thermal Spectrum produced
practically no addltional background,

The obtained data lead to a conclusion that the substrate of RF-3 film from which the emulsion is washed

.off makes a good a-particle detector. The found dependence of track diameters on the processing conditions

and.a-particle energy make it possible to select an exposure dose such that the filling factor of the detector
surface by tracks does not exceed about 0.4 below which track overlapping and count errors associated with it
are insignificant.
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IDENTIFICATION AND ESTIMATE OF TRITI.UM
CONTENT IN VVR-M REACTOR WATER

A. M. Drokin, V. K. Kapustin, S UDC 546.11.02.3
V. P. Korotkov, V. V. Leonov, ‘ R : '
V. K. Mironov, and Yu. P. Saikov

In 1976 water from the. dump tanks of the VVR-M JINR reactcr which had been treated at the special
water purification plant was found to contain a radionuclide with'a low~energy (below 20 keV) B decay. Some-
what earlier a similar source had been found in the water of the primary loop of the reactor. ' It was assumed
that this radionuclide was tritium. Information on the assumulation of tritium in ordinary water used as a
coolant in nuclear reactors is available in [1-3]. ‘The main purpose of the present work is to confirm the validity
of the assumption that the activity is due to tritium and to estimate the tritium content in the reactor water.

The accumulation of tritium in this water may be of fundamental importance both during its deactivation and
in the reactor operation plan,

This liquid-scintillation method was employed to identify and estimate the tritium content in the reactor
water. The measurements were made with an "Isocap 300" instrument. The counting rate from the radio-
nuclide in the sample was recorded simultaneously in low-energy channel A and high-energy channel B. Chan-
nel A (2-18 keV) was used to measure tritium, and Channel B (20-1500 keV) to monitor the presence of other

radionuclides-in the sample. The samples counted were made by mixing 13.5 ml of liquid scintillator ZhS-8
" and 1.5 ml of the water being investigated. The effect of the quenching of scintillations in the sample was mon-
itored by an external standard. Even after storage the water of the primary loop has a complex radionuclidic
composition, Therefore, in the measurements the possibility of filling channel A by recording 8 particles from
radionuclides other than tritium is not excluded. In addition, if the 8 decay is accompanied by the emission of
v rays, there is a possible ‘contribution to the observed counting rate from Compton electrons produced by the
absorption of ¥ rays in the scintillation material. To eliminate these undesirable phenomena and to identify
tritium in the water of the primary loop the coolant was. distilled and then purified by using KU-2 and AV-17
ion-exchange resins. The removal of radionuclides interfering with the determination of tritium was considéred
complete when the counting rate of the sample in channel B corresponded to the background, within the limits
of statistical error. To reduce the contamination of the measuring cells in experiments with water of the pri-
mary loop the coolant was stored for two weeks and then diluted ten fold with distilled artesian water having
a tritium content of 1071 Ci/liter. The radioactive purity of the equipment and materials was monitored at
all stages of the purification. To this end the experimental equipment was first flushed with distilledartesian
water, and after each stage of purification samples were removed for analysis. The prepared samples were
considered "background." The experimental results are listed in Table 1. Analysis shows that the source of
the low-energy S radiation is a long-lived nuclide with a half-life or more than 2-years. In its decay no 8 par-
ticles or vy rays with energies above 20 keV are emitted. Neither distillation nor ion-exchange purification
removes this source. The observed difference in counting rates after KU-2 and AV-17 ion-exchange purifica-
tion is accounted for by dilution, since the resins were prepared for the experiments with distilled artesian
water. The source could not be removed by coprecipitation with iron hydroxide.

The combination of these characteristics of the behavior of the source of low-energy 8 radiation in the
experiments performed on the purification of the water of the primary loop with other of its properties (half-
life, energy of 8 radiation, absence of vy radiation) led to the conclusion that the radionuclide being studied was
tritium. This is indicated also by the results of check experiments on the identification of tritium in the water
of the primary loop performed by the radioactive gas chromatographic method as in [4]. The water was dis-
sociated by aluminum carbide, and after gas chromatographlc detection by thermal conductivity the methane
formed was measured in a flow counter. These experiments showed conclusively that the water of the primary
loop contained tritium.

‘ Translated from Atomnaya Energiya, Vol. 47, No. 3, pp. 192-193, Septexflber, 1979. Original article sub-
mitted September 1, 1978,
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TABLE 1
B Counting rate, pulses/min |
Analyzed primary loop |primary 1oop
object — water 8 . |of water afterof water after|
of the primary g “g’ two-week  {|6-month
loop after g3 exposure exposire
=S ]

tenfold di-;g:_ﬁgn. " cell | cell | cell-] celi

112 {1 |2

A | 19879| 165281 15998 16345
@1 1@y | @3] ey

Before distiliation | ——— 41
g {2073 | 2164 | 135 | w7

(22) | @9 | (9 | 23
| o | 15113] 15332] 15657 15960)

v T A9y ) (18) | (18) | (20)
| After distillation |

g 12 |21 |
(21) (22) (26) (24)

A 13174 | 12497 13051} 12544

| After distimation and 9 | @) | 19 | (18
ion-exchange puri- -

1 fication by KU-2

3 25 | 32 | 30 2% |
(25) | (25) | (22) | (2%

1After distillation and A 10685 | 10664 | 10601 | 10637

| ton-exchange pusi- @) | @3 | @6 | 48
fication by KU-2
| and AB-17 B 28 | 20 | 28 | 31

@3) | @9 20) | @23)

' The parentheses indicate the countmg rate with respect -
to the background object.

A quantitative estimate of the tritium content in the reactor water was made by determining its registra-
tion effieiency in the form of HTO on the [socap 300 counter. Tritiated water obtained from the Institute of
Water Problems, Academy of Sciences of the USSR was used as a standard. As a check the standard used was
compared with a tritiated water standard obtained from the Radium Institute. The difference between the stan-
dards was 3. 4%. The concentration of tritium in the water of the primary loop of the VVR-M reactor as of
Dec. 9, 1976, was (1.3+0.,1)- 1074 Cl/hter, in purified water from the reactor dump tanks as of June 2, 1976
1.2+0.1)- 10"5 Ci/liter. From the radioactive gas chromatographic measurements the concentration of tritium
in the water of the primary loop as of Dec. 9, 1976 was (2.0+0.4) 107¢ Cl/hter which, within the limits of

twice the error of the measurements, agreed with the tritium concentration as measured by the liquid-scin-
tillation method.

It is difficult to substantiate the observed tritium content in the VVR-M reactor water because of the

lack of reliable data on its entrance into the coolant from fuel elements, boron control rods, and the beryllium
reﬂector where it is produced

Since the reactor systems were designed to operate with a coolant containing radloactwe products, one
should expect that the observed tritium content in the water of the primary loop, which is comparable with that
of the fragment radionuclides [, Sr, and Ba, will not lead to any further complications except the purification
of reactor discharge water containing tritium in amounts exceeding the yearly average admissible concentra-
tion in water. Therefore, in processing radioactive water the rate of its entry into the special water purifica-
tion plant is regulated in such a way that the tritium concentration in the purlfled water does not exceed the
level permltted by health regulatlons

In conclusion, the authors thank R.I. Lysov forhelp in performing the measurements, and V. A, Blinova
and V. V. Romanova for providing the triatiated water standards.
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CALCULATION OF X-RAY AND y-RAY PHOTOELECTRIC

ATTENUATION FACTORS FOR STATISTICAL
MODELING OF TRANSPORT PROCESSES "

!

0. S. Marenkov and T. V. Singarieva UDC 539.12.04

In the numerical modeling of photon transport in matter by the Monte Carlo method, it is expedient to
represent the functional dependence of the partial integrated cross sections for elementary interaction pro-

TABLE 1. Coefficients 7; for Calculating Macroscopic Cross Sections (cm?/g) in the Range

E =Ek and the Error of the Approximation 6

' — — — o
Element Enax T Tt T2 3 T 5, %
Hydrogen 10 .2645E —02 .7086E —O1 L7487E-+00 | .5575E401 | —.1936E-+01 0,3
Helium 30 | -21%4E—02 A413E+00 .3322E4+01 | .4803E4-02 | —.1576E4-02 2,5
Lithium 40 J341E—02 .3088E-- 00 A009E 402 | .2076E--03 |[—.4091E 02 2,2
Beryllium 60 J3142E—02 | .4216E-4-00 2M4E 02 | .5918E4-03 | —.4857E 02 2,8
Boron 80 .3267E —01 .56%2E 101 J3483E403 | .1326E--05 .3243E 103 2,6
Carbon 100 .3172E—02 .6921E +00 .5340E--02 |. .2610E404 .2941E 4- 03 2,7
Nitrogen 150 AIHE—02 .6163E 1-00 -6514E--02 | .4259E 404 .8060E +- 03 3,3
Oxygen 150 L2663E—02 | .8307E-}-00 JOI7T9E-}-02 | .6634E--04 .1906E 4 04 2.4
Fluorine 150 .3038E — 02 .9836E 00 A128E+03 | <HTIE404 .3414E 4-04 1,7
Neon 200 .1806E —02 L7942E 400 A218E403 | .1307E4-05 .5600E 04 2,0
Sodium 200 .2205E — 22 .9767E+ 00 .1520E--03 | .1740E4-05 .9889E 4 04 1,8
Magnesium 300 A134E —02 .T194E 400 .1514E4-03 | .2298E405 .1398E 4-05 1,9
Aluminum 300 A267E—02 .B192E 400 ATTOE4-03 | .2913E 405 .2154E 405 1,5
Silicon 300 .1336E—02 .8081E 400 .2042E-4-03 | .3824E--05 .324TE 405 2,7
Phosphorus 300 A443E —02 -9891E -1-00 .2304E-1-03 | .4603E--05 .4555E 05 0,9
Sulfur - 400 .8812K — 03 .8023E -+ 00 \2325E--03 | .5733E-405 .6273E 105 1,4
Chlorine 400 .9405E —03 .8955E - 00 J2704E+03. | .746BE--05 .9110E4-05 2,0
Argon 400 .8683E—03 .8412E 00 .2571E+13 | .7510E 05 1040E 406 0,9
Potassium 590 .6035E—03 . 7416E 400 .2648E-+-03 | * .9423E--05 .1366E - 06 1,5
Calcium 500 .6762E —03 .8461E --00 L3039E-L03 | .1144E-L06 .1881E 4+-06 1,2
Scandium 620 .5544F —03 .8225E 00 .3227E--03 | .1332E--06 .2494F 406 1,1
Titanium 600 5721 E—03 .8169E - 00 B121E4-03 | .1411E--06 .2765E 4-06 1,2
Vanadium 600 .5121E—03 .8087E - 00 .3208E4-03 | .1595E 106 .34358 - 06 1,1
Chromium 800 .3713E—03 .7421E 100 B19E--03 | .1855E-+06 .4368E -}-06 1,0
Manganese 800 .3784E—03 LT792E - 00 .3356E--03 | .2075E-4-06 .5247E 406 1,0
Iron 800 40VE—03 | .8505E4-03 .3624E--03 | .24ME--06 .6564E - 06 0,9
Cobalt 800 .4083E —03 .QMIE--00 | - .3752E--03 | .2660E--06 LT842E 106 0,9
Nickel 100 .3261E—03 .8645E-00 | .3757E--03 | .3078E--06 .9667E 06 0,9
Copper 1000 331E—03 BY4IE - 0D .3807E--03 o .3202E--16 4125E 1-07 0,8
Zinc 1009 L3370E —03 L9448E 00 .3319E-+- 03 .3667E--06 A322E 4-07 0.9
Germanium 1520 1996E — 03 .8264E +0) .337984-03 | .4263E--06 AT20E4-07 1,1
Arsenic 1500 L2001E— 03 .8853E+ 00 3309E4-03 | .4687E-L06 .2009E +-07 0,9
Selenium 1520 .2143E—03 L9275 +00 .3395E-+03 -5030E - 16 - .2290E - 07 0,9
olybdenum 3000 J224E—03 JA154E 0D .1235E4-03 | .9580E--06 .6408E 407 1,5
Palladium 4000 .8518E — 04 A2G2E-L01 | —.1309E--03 | .1234E 07 .9640E 407 1,9
Silver 4000 L9806E — 14 3S3E-L01 [ —.1556E--03 | .0331E-1-07 .1092E -08 1,7
Gadmium 4000 L9906E — 04 14375-L01 | —.2013E--03 ASMEJ-07 .1193E 108 1,6
Tin 4070 4 STE—03 A5TOE 101 | —.3248E-L03 | .1545E407 A1406E 408 1,5
Antimony 5100 . 7005E — 04 A4ME--01 | —.5211E-L03 | .1610E4-07 .1486E 4-08 2,1
odine 5010 LT997E—04 A6S5E 401 | —.6670E--03 | .1804E--07 1798E 408 1,7
Barjum 500 .8762E—04 J1924E--01 | —.9389E--03 | .2072E+-07 .2284E 408 1,5
Tungsten 10000 LAME— 14 .3526E--01 | —:5065E-1-04 | .4282E--07 .6975E -}-08 1.4
Platinum 10000 L2472E—04 .39T6E+01 | —.6563E+04 | .4837E4-07 .8563E 4-08 1,3
Gold 10000 .2542E — M4 J4150E+01 | —.7005E 404 L4987E 4-07 .8642E - 08 1,2
Mercury 15000 .2533E— 04 4276E4-01 [—.7435E+-04 | .5080E4-07 .8815E 4-08 1,3
Lead 15000 .2400E — 04 4545E 101 | —.8196E--04 [ .5399E-L07 .1006E + 09 1,2
Radium 15000 A984E —04 B4A2E-R01 | —. 1124E4-05 | L6210E--07 A252E 09 0,9
Thorium 15000 .1833E —04 5802E -H01 [ —.1236E--05 | .6537E07 A410E 4-092 1,0
Uranium 15000 1256E — 04 .6H68E 1-01 [ —.1368E--05 | .6798E-4-07 A317E 4-09 1.1
Plutonium 15000 .7086E — (5 .6388E 401 —.1530E4-05 .7048E 407 .1585E + 09’ 1,6

mitted September 5, 1978.
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cesses on the photon energy E by simple expressions which are convenient for computer calculations. The
question of the analytic approximation of the energy dependence of the photoelectric absorption cross sections
of photons 7 (E) was discussed in [1, 2] where it was shown on the basis of theoretical {3] and semiempirical [4}
data that the relation 7 (E) for any element can be approximated by a polynomial in inverse powers of the energy
with an error of no more than 3%
. -
T(E)= 2 T E- 1)
S ,

in the energy range Eg= E = Epax, With the value of Emax for each element given by the condition

b (Emax)
© (Fman 100,

where #(E) is the total interactlon cross section. In the energy range E=Eg Eq. (1) is simplified [1, 5]. The
semiempirical values of the photoelectrlc Cross sectlons [4] were obtained by the subtraction method

T(E)=4t (E)~[Gcoh (E) + Gincon (E)). @)

Hete 4(E) was determined from empirical data, and the cross sections for coherent 0poh{E) and incoherent
Oincoh(E) scattering were calculated theoretically [6]. However, for E > Eg the subtraction method becomes
incorrect for all elements because of the small contribution of the photoelectnc absorption cross section T

to the total interaction cross section p [7-9]. Therefore data on photoelectric cross sections from [4] and the
correspondmg coefficients 7j in Eq, (1) of {2, 5] can be recommended for use in simulation calculations only

in the energy region of characteristic x-ray and low-energy <y radiation. We note that the maximum value of
the energy in [4]) is 103 keV, In modeling the transport of intermediate and high-energy photons, taking account
of photoelectric absorption, one should prefer systematlc theoretical data on photoelectrlc cross sections [3, 10]

The theoretlcal values ot_‘ the photoelectrlc cross sectlons of 100 elements were obtained in [3] by quan-
tum mechanical calculations in which various models of the screened potential were employed for various en-
ergy ranges. The cfds‘s sections were not calculated for each element; interpolations were performed in the
atomic number, In [10] the cross sections for the photoelectric absorption of photons were calculated and tabu-
lated for 100 elements in the energy range from 1 to 1500 keV by using the Hartree— Slater relativisticmodel.
The comparlson of semiemplrlcal [4] and theoretical [10] data on photoelectric cross sections made in [8]
showed that in the energy range for which the data in {4] are completely correct the divergence does not ex-
ceéd 10%, and for the most part is from 1 to 5%.

Taking account of the energy restrictions on the use of the tables in (4}, 1nterpolatlon equation (1) was
employed for 100 elements solely on the basis of theoretical papers [3, 10]. Data from [10] were used in the
energy range from 1 to 1500 keV for elements from hydrogen through bromine. For krypton and elements of
higher atomic number these data were supplemented by values of the photoelectric cross sections for E > 1500
keV from [3].

. The present article lists results for 50 elements most frequently encountered in problems of applied and
techmcal atoriic physics. The coefficients Ti, calculated by the method of least squares, are listed in Table 1.
Thie energy range for elements from hydrogen to neonis (1~ Emax) keV; for sodium and elements of higher
atomlc number the’ range is (EK—Emax) keV. The maximum error of the ‘approximation 6 observed at one or
two points in the pertinent energy range for each element does not exceed 3.3%, and in most cases is 1- 2%.
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PURIFICATION OF IRON FROM U AND Ra
MICROIMPURITIES BY ZONE MELTING

I. R. Barabanov, L, P. Volkova, . _ UDC 539.1+546,72/74+546,79
V. N. Gavrin, V, I. Glotov, ) :

D. S. Kamenetskaya, L. L, Koshkarov,

I. B, Piletskaya, and V., I. Shiryaev

Zone melting is one of the most efficient methods of obtaining pure substances, especially iron. It is
important to ascertain, however, whether there is a minimum initial concentration of impurities at which re-
distribution under zone melting no longer occurs. Such a limiting concentration of impurities has been es-
tablished, e.g., for Ge and CdTe [1].

In the present paper we study the possibility of purifying iron from U and Ra microimpurities by cru-
cibleless electron-beam zone melting, Purification from these impurities is required in connection with the
use of iron in the fabrication of counters with a low intrinsic background for astrophysical and nuclear re-
search, In order to reduce the background of a gas-discharge counter with a volume of about 1 em?® to 1
count per day, the concentration of uranium in equilibrium with the elements of its radioactive series should
not exceed ~ 10-%% in the structural materials of the counter. In the initial (carbonyl) iron the uranium con-
tent, as shown by measurements of the surface «-activity, is tens of times higher than the value indicated.

The radium concentration and its redistribution during the zone melting were measured by the emanation
method [2]. The "clean" and "dirty" halves of iron bars subjected to fourfold zone melting at a speed of
v = 136 mm/ h were measured, with the radium content in each half being averaged, Notwithstanding this av-
eraging, a difference was detected in the radium concentration in the clean and dirty halves of the rods:
0,35-10714 and 0.72°10~ at.% Ra, respectively (1.2:10~% and 2.6-10~ at.% when converted to equilibrium

" U content).

Of particular interest was the study of the character of the distribution of radioactive impurities along
the rods. The neutron-activation method [3] was used to analyze iron specimens cut from various segments
of the rod subjected to zone melting with v = 136 mm/h (9 passes). The distribution found confirmed the
efficiency of zone melting for purification of iron from uranium, notwithstanding its low initial concentration
(Fig. 1).-

The solubility of uranium in bec 6-iron near its melting point is not known, i.e,, the main parameter
determining the efficiency of purification by zone melting is not known, The character of the uranium distrib-
ution curve (see Fig. 1) indicates that the uranium concentration in 6-Fe in equilibrium with the melt is con-
siderable. The distribution coefficient K can be approximated by calculating the diagram of equilibrium of
the melt with the bee solid solutions of Fe in ¥-U and 6-Fe from the known segments of that diagram.

Approximate thermodynamic calculation with the use of the model of regular solutions [4, 5] allowed
the mixing energy of the Fe—U melt to be found from the known liquidus of the melt and the bee solid solu-
tion of Fe in y-U, yielding a value of about 25,000 J/mole (—6000 cal/mole). On the basis of data concern-
ing the temperature and entropy of the melting of iron in uranium (1812 and 1404°K and 2 and 3,28 cal/
mole - deg, respectively) “for the calculated interaction parameter of the melt and the known part of the liquidus
of the melt and the bee solid solution of uranium in 6-Fe, we determined values of K (0.16) and the uranium
concentration on the solidus at 1773°K (0,7 at.% at a uranium concentration of 4,5% in the melt). More efficient
purification of iron from uranium might be expected with such a K. Complete purification is associated with
diffusion of impurities from the unmelted part of the rod and in the absence of equilibrium at the interface be-
tween the solid and liquid phases at the given rate of advance of the liquid zone, The ratio of the uranium con-
centration in the unmelted part of the rod adjacent to the last liquid zone to the concentration in the last liquid
zone (~ 0,13) is in quite satisfactory agreement with the calculated distribution coefficient (0.16). '

Translated from Atomnaya Energiya, Vol. 47, No. 3, pp. 195-196, September, 1979. Original article
submitted November 11, 1978. ’
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Flg. 1, Curve of uranium distribution along iron rod after
nine passes of hqmd zone with speed of 136 mm/ h (1); 2) in-
1tia1 dxstrlbutlon “3) calculated curve of hrmtmg dlstrlbu’aon
for K= = 0. 15

-No.- counts/day

[~}
w Ky

_ . <10 »

No. of passes :
Fig. 2. Background of counter with casing (cathode)

v made of iron- ‘vs number of passes of hquxd zone ‘at
varlous rates of advance of the zone 1) 204 mm/ h
2) 136 mm/h 3) 60 mm/h ‘

The results of measurements of the total background of » propor’aonal counter with a volume of 0.5
cm?, made of iron, purlfled by the zone- meltmg method are given in Fig, 2.’ It is seen that the maximum de-

gree of purlflcatlon under our condltlons can be obtamed after tens of’ passes of the liquid zone at a speed of
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RELIABILITY OF DETECTION OF SODIUM BOILING
BY CORRELATION OF ACOUSTIC AND NEUTRON NOISE

~ B. V. Kebadze and K., A, Aleksandrov UDC 621,039.534.6

A promising method of detecting sodium boiling in the core of a fast reactor is that of recording acoustic
and neutron noise. Since the statistical characteristics of these signals, taken separately, may change for other
reasons (apart from boiling), the reliability of registration of the fact of boiling is enhanced by employing the
method of cross-correlating the signals [1]. Let us evaluate the statistical reliability of detection of boiling
(the probability of failure to record boiling and of spurious respouse), taking account of the statistical error of
measurement of the cross correlation owing to uncorrelated background noise.

In our estimates we use the results of experiments on a BOR-60 reactor [2] in which sodium boiling was
effected throughout the entire volume of the fuel assembly (FA) as the result of y-ray heating of tungsten rods.
The neutron flux fluctuations were measured with an ionization chamber set up 2.5 m from the core; the acoustic
signals were measured with an inserted piezoelectric transducer at a distance of ~ 30 cm from the place where
bubbles collapsed, For correlation with the noise of the neutron flux we formed the envelope of the acoustic
signal with a rectifier and a filter with a time constant of ~ 30 msec. Figure 1 shows the statistical character-
istics of the noise in the frequency range; these characteristics were obtained by Fourier transformation of the
estimates of the correlation functions. The duration of the pfocedure (T =10 min) and the frequency resolution
selected (~0.1 Hz) ensure measurement of the spectral densities to within 10-15%. A distinctive feature of the
spectra are peaks at a frequency of about 1 Hz which are absent under conditions without boiling,

Experiments on stands and calculations showed [3, 4] that the existence of resonances is characteristic
of the process of sodium boiling. This is due to either the periodic formation and collapse of a vapor bubble
during local boiling under the conditions of partial blockage or oscillations of the vapor volume when vapor
covers the entire cross section of the FA; the boiling mode in the BOR-60 experiments in analogous to the
latter. The possibility of detecting boiling from the periodic component of the neutron noise was considered
in [3] but the problem of correlation differences between the signals was not considered there.
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Fig. 1. Statistical characteristics of noise during sodium boiling

in BOR-60 reactor: a) spectral densities (S), neutrons (N), and en-
velope of acoustic (A) signals; O) SNN; ® )Sp A3 (1) ReSpya; A) Im Sy
b) function of coherence of acoustic and neutron signals.

Translated from Atomnaya Energiya, Vol, 47, No. 3, pp. 197-198, September, 1979. Original article sub-
mitted September 15, 1978. ’
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In view of the periodic character of the process it is expedient to characterize the degree of correlation
by a coherence function (CF)

2 — | Sxy (w)[*
V= @Sy (@)

which was 3 0 9 in the given experiments. The advantage of using CF, from the point of view of realization of
~a detection system, consists in its being independent of the transmission coefficient of the measuring channels,

Let us consider the problem of the statistical reliability of detection. We assume that the system is
actuated when the eoherence function exceeds some threshold level L. Since the frequency of the periodic -
component is not Known in advance, it is necessary to monitor over some range Af which, according to the
data of [2] and other sources [1, 3} is 1-10 Hz, Under steady-state conditions of boiling the periodic signal
is quite narrow-band, fractions of a hertz (see Fig. 1). However, bearing in mind that with the development
of boiling, e.g., as the power varies, the oscillation frequency can change, we choose a resolution band B=
1 Hz, thus splitting the range of detection into 10 channels. In evaluating the probability of errors, we use a

well-known [5] relation for the distribution density of sampled CF for two random processes with a normal
distribution law:

C=(n—1){(1—y)" (1— )2 F (n, m 1; v2),

where y? and y =y 2, respectively, are the true and sampled value of the coherence function, n=BT is the num-
ber of degrees of freedom determined by the resolution band B and the measuring time T, and F is a hyper-
geometric function of four arguments,

Let us evaluate the probébi‘lity_ of spurious résponse by the system, takihg account of the fact that in the
absence of boiling the CF is zero. For this case the distribution function is of the form

Co==(n—1)(1—py)"2

The pi'oBabil'ity of the threshold level L being surpassed in one frequency interval is
1
D(>L) = j Cody=(1—LY""1=p.
. L '
The probability of a spurious response, i.e., the threshold being overcome in at least one interval, is
Oz=1—({1—p)m.

The probability of the transmission of a signal of a malfunction situation, characterlzed by some nonzero value
of the CF, is defined as
L

CD'I= S Cdy.
0
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In our numerical calculations we used the following series expansion of F:

1 e@t DO+ ay T

Fa, b5 z)=;1+%lzz+7l_ e c41)

for z<1.

\

The calculations of the probabilities of spurious response and transmission of a signal for several values
of the parameters n and v%, given in Fig. 2, show that even with comparatively large coherence values and an .
appropriate threshold level a realization time in excess of 10 secis required to obtain roughly one spurious
response per year. Inthis case a quite low probability of transmission of a malfunction can be ensured by the
choice of threshold.

Under the conditions of this experiment the ratio of the boiling and background is more favorable for
neutron noise than for acoustic noise. When account is taken of the spectral density of the neutron flux fluctu-
ations in the region of resonance without as well as with boiling and the distribution of their estimates x%[3, 5],

it can be shown that for given values of B, T, Af, and m the choige of threshold level makes it possible to en- '

sure a probability of errors of the first and second kinds that is less than 107%, Obviously, in the given case
the use of the spectral density along with the CF allows the characteristics of the detection system to be im-

-proved. This is attained primarily by reducing the probability of spurious response. The choice of detection
threshold and the set of the parameters monitored (spectra, CF) should be made in each concrete case with
allowance for the real signal-to-noise ratios. :

It must be pointed out that the estimates presented in this paper presume the existence of stationary
random processes with a normal distribution law. The periodic fluctuations during boiling often constitute
not a narrow-band random process but rather natural oscillations against the background of random noise.
This increases the reliability of detection. Tn a high-power fast reactor, because of the large distance of the
acoustic transducers from the site of boiling and the smaller reactivity effects the ratio of the background and
" the boiling noise may prove to be not as favorable as in the case considered above, thus resulting in a reduction
in the detection reliability.
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CALCULATION OF SANITARY-PROTECTIVE
ZONES AROUND ACCELERATORS

Yu. A. Volchek ' R ' UDC 621.039.78

The operation of accelerators is usually accompanied by an increased background of ionizing radiation
in the adjacent territory. This necessitates the creation of a sanitary-protective zone between the source of
‘radiation and objects not assoctated with the operation of the facility. As a result of theoretical and experi-
mental studies of scattered radiation beyond the shielding of accelerators a method has been developed for
predicting the radiation environment on the territory of planned accelerators [1]. It must be pointed out, how-
ever, that economic factors have not been taken into account,

In two earlier papers [2, 3] a technique was proposed for determining the optimal shielding parameters
from the point of view of economy and it was shown that in the construction and operation of accelerators a
combination of a structural method of protection and a sanitary-protective zone can yield a substantial eco-
nomic effect. The relation for the optimal thicknesses x and y of the side and top shielding, respectively, as
a function of the radius r of the sanitary-protective zone is quite simple and as applied to point sources of
radiation with a scattered-neutron yield > 10! neutrons/sec is of the form [3]:

z=-211— In (46,)/(D,R?), 1)
Bt i v s | @
2 - Dlrz_ .28 _RZDze—Zir
. = '
sd+a—b ==
T DB b S\ D'
3 2 2 __ 21 N —_ _p=2)y_F
rid-r % ’( 2D, oz, ) (S‘HO‘ bz,) ic,s?
RD, . KDy [0 v o — .
St gpe | T B Bt sdta] e Fr, @)

Here A and B are quantities proportional to the yield of the leading groups of radiation through the surface of
the side and top shielding, respectively; D', a quantity proportional to the concentration of the radioactive air
ejected through the ventilation pipe; Z; and Z,, effective cross sections for the introduction of the leading groups
of direct and scattered radiation into the material of the shielding; Z'; and Z',, analogous quantities for air;

B, and B,, factors for converting the radiation flux density into dose rate; B3, a factor for converting the con-
centration of radioactive isotopes in the air into dose rate; s, a turbulence coefficient depending on the relief -
and development of the site; ¢, expenditure for the land for the sanitary-protective zone; @, expenditure for

the construction of engineering supply lines; d, expenditure per meter of ventilation pipe; Dy and D,, maximum
possible dose rates at the limit of the sanitary-protective zone and the outer surface of the side shielding,
respectively; R, radius of the accelerator building; and b, expenditure per méter of upper-shielding thickness.

In the development of the technique for optimizing the shielding parameters the spread of the scattered
radiation for distances of more than 50 m from the source was approximated by [4]

9 (1) =g exp (— Zr), “)

where ¢ is the neutron flux density; q, séurce strength (neutrons/sec); and Zp, cross section for the removal
of fast neutrons, taken to be equal to 0,005 m™!,
In [5] Thomas presetited the empirical relation
9 ()= o (1o e ™ ®)

where B=2.8 and p=56; for A=267 m this formula approximates, to within 6%, the experimental data around
an accelerator without top shielding or with a thin top cover [6]. The lower limit could be assumed to be A=
224 m, the value obtained for fission neutrons. For accelerators with ngood" top shielding the value of A
should be large. In measurements of the radiation fields in the proton synchrotron at Brookhaven the value of

Translated from Atomnaya Energiya, Vol. 47, No. 3, pp. 198-200, September, 1979. Original article sub-
mitted September 25, 1978,
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A was 600 m [7] whereas for attenuation of neutrons generated in the Berkeley betatron and synchrocyclotron

the

value is A=850 m [6]. For neutrons with E > 100 MeV the value of A is 850 m. This value was obtained for

strongly interacting particles which are part of extensive air showers of cosmic radiation [(6l.

Let us assume that the limits of variation of the parameter Z., corresponding to the limits of variation of

A from 224 to 850 m E,=0,0046-0.00117 m~! =Z'y). From the data given in Fig. 1 it follows that the values of .
the flux density of the scattered neutrons at a distance of 800 m with 2'2 varying over the range indicated can
differ by a factor of 10 (curve 1 is characteristic of accelerators with "good" top shielding and curve 2, ac-
celerators without top shielding). : :

Let us consider a cyclical proton accelerator with a scattered neutron B of 101°-10!3 neutrons/sec. For

such an accelerator we have ', = 1,25 *10~° m~! (3], D; = 0.28 mrem/h; 8, = 0.135 (mrem/h)/neutrons/cm? -
sec, B3 = 5.5 +10° mR +m3/h-mCi [3], R = 16 m, and h = 20 m; depending on the concrete conditions the param-
eters s, b, ), ¢, and a can vary within the following limits: s (0,03-0,2 [8]), b (9 -10*-10° rubles/m), Z, (5.3-
12,7 m-Y), ¢ (0.1-100 rubles/m?), and « (100-400 rubles/m).

Calculations with Eqs. (2) and (3) showed that thé variations in Z', in the established interval have an in-

significant effect ony and r. Thus, for B=10!° neutrons/sec and 84, by, 22(1) » €1, and oy corresponding to the
lower limiting value y and r change by less than 10-15%, with the larger values of r corresponding to =, =

0.0045 m™!, With an increase in the scattered-radiation yield and the absolute values of s, b, Z,, ¢, and @, a
change in the parameter in the interval indicated displays a diminishing effect on the values of y and r and for
B=10'2-10'3 neutrons/sec and s, b, Zy, ¢, and a equal to the upper limiting values amounts to <1%. ‘This can be
explained by the fact that with an increase in the scattered radiation yield greater than 10!! neutrons/sec, the
formation of a radiation field on the territory begins to be affected by the radioactive air ejected into the at-
mosphere, and at high values of B the effect of Z', on the size of the sanitary-protective zones begins to fall off,

Since a change in Z', in the limit established has an insignificant effect on the optimal values of y and r

« 10—15%), in estimation of the shielding parameters by the optimization method Z'y may be assumed to be con-
stant. A study of the expenditures for protective measures with 21, varying from 0,00117 m-! to 0.0046 m-1
showed that the absolute minimum expenditure Copt X, 5, 1) is attained for 2',=0.0046 m“; however, since for

a concrete facility Z', can-assume any intermediate value in this interval, it is expedient to recommend the

value Z',=0,00117 m™! for estimation by the optimization technique. In this case the optimal expenditure for
protective measures, copt, increases by no more than 10-15% in comparison with Copt for Z';=0.0046 n_l'l.

1.
2.
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SYSTEMATICS OF (n, p) AND (n, a) CROSS SEC TIONS.

V. N. Levkovskii o . . upcs3e.a724

In the theory of nuclear reactions the (n, i) cross sectlon, independently of the reactmn mechanism as-
sumed, is represented as the product

On,i=0n;, . (1)

where op is the cross section for the nonelastic interaction of a neutron with the nucleus, and oj= Iy/204
is the probability that as a result of the interaction particle i (in our case a proton or an alpha particle) will
be emitted. If is known that ¢, varies slowly with neutron energy, and for energies > 1 MeV is practically
equal to the geometrical cross section '

On=rd (A3 )% ro=1.4.10-13 cm, (D)

It was shown earlier [1-3] that for the (n, p) and (n, @) reactions at neutron energies of 14-15 MeV oj
is quite satisfactorily described by the simple relation

=Kyp exp|—K, (N—2)/4), . ®
‘where Ky and K, are constants: Kjp)=0.73, Ky (o) =0.29, K,=33,

Since the maximum of the excitation functions of the (n, p) and (n, o) reactions generally lies in the

- 14-15-MeV neutron energy range, the natural assumption was made in {3-5] that Eq, (3) approximately repre-
sents the limiting maximum possible probabilities of the emission of charged particles. Consequently, the.
maximum values of ¢; can be considered as specific characteristics of the atomic micleus, and their study

is clearly of great theoretical and practical interest.

Equation (8) correctly (to within 10-30%) describes about 200 (n, p) and (n, o) cross sections, including
those for nuclei with 2 magic number of neutrons or protons, but does not confirm the presence of striking
"shell effects” predicted by theory and postulated by many authors. In the overwhelming majority of cases,

Eq. (3) correctly predicts the ratios of emitted particles and the nature of the variation of the crossisections

in series of isotopes of a single element, i.e., the so-called isotope effect first established in [1, 6, 7]. How-
ever, in a number of cases the difference between the calculated and experimental values clearly exceeds the
experimental errors. As a rule these nuclei lie far from the stable nuclide curve; in a series of isotopes the
calculated cross sections for the lightest isotope are frequently 1.5-2 times smaller, and those for the heaviest
isotope 1.5-2 times larger than the experimental values, and thus the isotope effect (i.e., the decrease of «

with increasing A) predicted by Eq. (3) is smaller than the experimental value for certain medium-weight and
heavy nuclei.

The graphs in Figs, 1 and 2 show the dependence of the natural logarithm of op on the mass number of
the target nucleus for all published data on (n, p) cross sections, - The dependence of In ap on A 'is well ap-
proximated by sets of straight lines for a series of isotopes (Z =const), and for isotopes (N =const) and nuclei
-with the same neutron excess (N — Z) =const, The isotopic and isotonic dependences clearly do not exhibit
either shell or even—odd effects; the (N—Z) dependence is also uniform over a wide range of Z values, but in
the Z =36-40 and Z =52-56 ranges sharp bends are observed in the straight line N—Z dependences, possibly
related to the structural rearrangements of nuclei near the filled neutron shells N =50 and 82, It should be
noted, however, that the monotonic N—Z dependence by no means repeats the behavior of the thermal effects
of reactions (Q) whose variation in (N—Z) series i8 far from monotonic and uniform, and the sharp bends in
the straight line (N—Z) dependence do not correspond to the jumps in Q values at magic muclei,

A least squares analysis established that the (N—Z) dependence is best approximated by a series of
straight lines converging to a point in the A =196-246 region:

In o, =K+ KA+ Ky (N—Z) A— (N —Z). . 4

Translated from Atomnaya Energlya, Vol. 47, No. 3 pp. 200-202, September, 1979, Original article
submitted October 9, 1978,
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Fig. 2. Inoy as a function of A (Z=48-83). Notation same as in Fig. 1.

In the Z = 9-38 range K, K,, and K; are equal, respectively, to —3.2, 0,069, and 0,00405; in the Z =38-52 range
(up to N=76) 1.8, 0, 0.00510; in the Z =52-62 range (up to N—Z =28) 9.8, —0.0506, and 0,00460,

Since Eq. (4) is in appreciably better agreement with experiment than Eq. (3), it is preferable to use it to
estimate unknown (n, p) cross sections, particularly for nuclei with unusually small or large values of the
asymmetry parameter (N—Z)/A in the given Z range. Like Eq. (3), Eq. (4) can clearly be used in traditional
theoretical studies as normalizing functions for fitting the mathematical form and parameters of models of
nuclear reactions ("pairing corrections,” "shell corrections,” "isospin potentials,” ™nuclear temperatures,®
ete,), but it is believed that at the present time a greater contribution to the theory would be made by broaden-
ing the experimental research on excitation functions and ratios of emitted particles over a wide range of
energies and methods of exciting atomic muclei. Probably the general relations shown in Figs. 1 and 2 are not
specific characteristics of only (n, p) and (n, «) reactions, There are, unfortunately, very incomplete data on
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(n, 2n), (n, 3n), (n, 4n), (m, np), (v, T), (@, ngPx), (7, D), (@, D), and (@, np) cross sections and excitation func-
tions, in particular the appearance in these reactions of regular isotope effects, N—2 dependence, and con-
stancy of the ratios of emitted particles, indicating that the phenomenon described manifests itself in various
nuclear reactions, and further study of it will lead to a better understanding of the mechanism of nuclea.r re-
actions and its relation to the structure of the atomic nucleus. -
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REACTIME TER 'WITH A PULSED MEASUREMENT CHANNEL

V. A, Lititskii, A, G. Kostromin, UDC 621,039,514
V. V. Bondarenko, and F, B, Bryndin

When using the method of measuring deep subcriticality [1, 2], the intensity of the external neutron sources
- frequently is found to be inadequate for providing a chamber current (usually KNK-56), exceeding the leakage

current of the chamber or the sensitivity of the input amplifier, It is obvious that this circumstance con-
siderably restricts the range of the reactivity to be measured,

In order to measure small subcriticalities, a pulsed measurement channel was used, based on a high-
efficiency counter and a linear intensity meter, assembled in a circuit with a dosing key [3], This channel
allowed subcriticality measurements to be carried out, corresponding to count rates of 100-10,000 pulses/sec,

In developing the procedure for operating with the pulsed measurement channel, particular attention
was paid to its frequency characteristics, as it determines the range of frequencies where the condition of
inversion of the transfer functions of the reactimeter and the reactor are satisfied, and which is essential for.
the correct measurement of the reactivity [4]. In the measurement channel being considered (Fig. 1), the
input signal is a random sequence of pulses, corresponding to the number of recorded neutrons in unit time
{we shall neglect the counting errors of the recording circuit), and the output signal is a voltage proportional

to the count rate. In addition to this, the reaction of the pulse shaper to each recorded neutron is a rectangular

voltage pulse (dosing pulse) with a constant amplitude @, and a width T, the sequence of which is converted by
the integrating circuit of the intensity meter into a corresponding analog signal, which arrives at the reacti-
meter input through a matching device,

Using the theory of random pulsed processes [5], it can be shown that the spectral density of a random
sequence of rectangular voltage pulses at the output of the pulse-shaper, the number of which during time T
is distributed by a Poisson law, is equal to

S (0) = (ayTy)? (sm %m 3° co)2, : 1

when 1 is the average mmber of pulsed recorded per second.

The spectral density of the voltage fluctuations at the output of the intensity meter can be obtained from
the relation

Su (@) =IK @[5 (@), ‘ @

Translated from Atomnaya Energiya, Vol. 47, No, 3, pp. 202-203, September, 1979, Original article
submitted October 23, 1978,
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Fig. 1. Structural diagram of a pulsed measure-
ment channel: 1) SNM-18 counter; 2) amplifier-
discrmunator' 3) pulse shaper; 4) 1ntegrat1.ng
circmt 5) 1nten51ty meter 6) matchmg devtce,
7) reactuneter

where IK(ca)I2 is the square of the modulus of the transfer fu.nctlon of the intensity meter, which is easuy
determined if the Fourler h‘ansform of the equation

dUout()

S o =Via

is used, which descr1bes the dependence of t.he output voltage Uout(t) on the input voltage Um(t) in the 1nten51ty
meter [31.

Afl'g_er transformation
| K (@)]2=e2/(e2 +-ab), _ ' )

where e=1/T (here T is the tlme constant of the l.ntens1ty meter mtegratmg c1rcu1t)

As the input pulsed process is assumed to be Poisson, the spectral density of the output signal, deter-
mined by formulas (1)-(3), is proportmnal to the square of the modulus of the transfer functlon 1 Z(w) |2 of the
whole measurement channel 1.e., '

7 [2q (To/T)1?

Su (m)=—mr‘ (sm To (D/TTG))Z’V]Z((D) 4 (4)

It can be seen from formula (4) that in the general case, the transfer function of the pulsed measurement
channel depends on both the ‘parameéters of the dosing pulses (@p o), and also on the time constant of the
mtegrating circuit 7. However, usually w'ro<<1 and, as ).t is not diﬁmult to verl.fy in this case formula (4) is
converted to the form

|R (®)|2 ~ const/(e? - w?). ) (5)

It can be seen from this expression that for frequencies w<<¢&, the square of the modulus of the transfer
function |R(w)|?is independent of the frequency, i.e., in this region of frequencies the pulsed measurement
channel does nat carry an error as a result of the reactiv1ty measurement Lo

For comparison we shall give the expression for the’ square of the modulus of the transfer function for
the current measurmg channel with a BF 3-f1.lled 1omzat1on chamber obtamed in [6]:

|© ()12 ~ const/(§2+m2 (6)

where £ is a quantity, the reciprocal time of collection of ions in the chamber, Formulas (5) and (6) have an
identical dependence on the frequency, and in'this sense the pulsed measurement channel does not differ from
:the ‘current charnel, ‘However, if for the current measurement channel the frequency of the "kink" of the
square of the modulus of the transfer functlon is determined by the ion collection time, then in the pulsed
:channel 1t is determmed by the t:me constant of the 1ntegratmg RC chain of the mtens1ty meter.

-We note that when. the measurement of small mtens1t1es 1s achieved by an increase of the dosing pulse
_duration, the spectrum determmed by the shape of the dosmg pulses is dlsplaced into the low-frequency region
of the frequency curve of the measurement channel The relatlve magmtude of the contmbutlon of this spectrum

G(m, 1) =[[Z (o) P— IR(m)l’l/IZ(w)I’ ‘or

_8(@, -co)—_:l——('rocu/Zsin -1'-2—°-m)2,

- By means of this formula, the range of frequencies being analyzed can be chosen where, with a choice of
v the value of T the contmbution of the undesirable spectrum w111 be msignificant
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Fig. 2, Spectral density of the volt-.

age fluctuations at the output of the

pulsed measurement channel: —)

calculation; O) experiment.,

ce e

Figure % shows the measured spectral density of the voltage fluctuations at the output of the pulsed mea-
surement channel with time constarts of the intensity meter of 0,01 (1) and 0.05 sec (2). It can be seen from
“Fig. 2 that the spectral densities obtained in the experiment are described well by formula (5). The width of the
dosing.pulse amounted to 1.5+107% sec, and the amphtude was 6V; the Pu—~Be neutron source and the SNM-18
counter was installed in a graphite prism.

In conclusion, we give the results of measurements carried out by means of the reactimeter with a
pulsed channel on a uranium—water subcritical test-rig. In these measurements, the "shooting™ source method
[1]} was used. The use of the measurement channel described ensures a subcriticality measurement of up to
(10-14)B s — the effective fraction of delayed neutrons, . which corresponds to a count rate of ~200 pulses/sec,
with an injected neutron source intensity of 10° neutrons/sec, whereas the current of the KNK-56 chamber under
these same conditions amounted to only ~1.5- 10-12A, which is comparable with the leakage current for this
chamber,

Tt should be noted that measurements at a lower neutron flux intensity are accompanied by an increase
of the time constant of the integrating unit of the intensity meter which, in its turn, limits the range of the sub-
criticality measurement because of the deterioration of the speed of response of the measurement channel,

The authors thank Yu, A, Prokhorov for constant attention to this présent task, and also R, E, Bagdasarov,
V.IL Kozlov, and Yu, V. Volkov for assistance rendered during carrying out of the experiments and during the
discussion of their results, . ‘ .
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ESTIMATE OF THE RISK FROM THE COMBINED ACTION
OF RADIATION AND CHEMICAL AGENTS

V. N, Lystsov and V, A, Kinzhinkov _ ’ } UDC 577,3.539.12,04

Control of the habitable environment is becoming an urgent practical problem of our time. In order to
solve it, it is necessary in the first place to know to what consequences for the human population, the effect
of one or other factor of the environment leads, even with a quite low level of exposure,

The appearance of the radiation factor, e.g., leads to an increase of the risk of stochastic harmful effects -
(malignant new formations and hereditary illnesses) which, for defined tolerances can be estimated quantitatively
[i]. These estimates allow standards of radiation safety to be set up both for the population as a whole, and
also for people subjected to occupational irradiation [2]. Tt is much more complicated to estimate the com-
bined effect of radiation and chemical agents, when the risk of harmful effects may be found to be significantly
higher than the sum of the risks for each of these factors individually, Moreover, the problem arises of a
quantitative expression of the risk in some units which can be summed [3].

We shall introduce the concept of the risk R and the damage G, following the methodology developed in
the report of the Scientific Committee of the United Nations, on the Effeets of Atomic Radiation (SCEAR) {4].
Suppose that Pj is the probability of damage to the individual from the i-th illness. Then,

R= SPu &)
i

The damage for the population of N individuais is
' G=NR. ' (2)

A careful analysis of the total injury for the health of populations caused by different factors, shows that the

moitality is détermined just by the majority fraction of the injury and, moreover, the level of morbidity is --

related with the level of mortality in a regular way. The problem now consists in relating the level of expo-
sure* Xj for the j=th factor of the envu'omnent with R. In the case of rad1at10n, the most appropnate exposure

of small doses is directly proporuonal to the dose:

P{:d.iD. (3)
Then for the damage G, we obtain )
: G:NDZaizSZdi, ' ' @)

wheére S =ND is the collective dose, Inthe more general case when detérmining S, the dose distribution over
the population and the change of the collective dose intensity S(t) with time [4] should be taken into account.
However, the magnitude of the collective dose expectation S* is independent of time:
St g S at. (5)
: _
Now, the damage from an event @ (leading, e.g., to the discharge ¢ f radionuclides), can be deﬁned as

t

r . . .
o= S8 ) o (6)

*The term "exposure" is employed here in the broad sence of the word and refers to any physical value which
adequately defines the level of any factor in the environment.

Translated from Atomnaya Energiya, Vol, 47, No. 3, pp. 203-205, September’, 1979. Original article
'submitted October 30, 1978; revision submitted Jamuary 2, 1979,
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Often, in place of S* it is more convenient to work with the quantity "dose expectation"T which is obtained by
integrating over time, the average dose intensity per head of population [4]:

D — giT(:)-dt. o ' ’ ’ ™.
. ) y . . :

The first difficulty which is encountered when transferring this methodology to the case of chemical con-
taminations in the surrounding medium, ‘consists in the correct choice of the parameter Xj, describing the
exposure, Data about the coneentration C(t) of a specified chemical agent in any of the reservoirs of the
medium or even in the human body (or its individual organs) frequently proves to be inadequate. Recently,
even more data has been accumulated in favor of the fact that for certain compounds (in particular, alkylating
agents) the cumulative conceniration over time t in the critical organ can serve as the acceptable parameter:

X ()= SC(t)dt. e _ S
0 . :
Assuming that the probability of the corresponding stochastic injurious effects depends linearly on X, the whole
system of estimates can be used which have been developed in the field of radiation safety. Obviously, the
analog of the dose expectation D* will be the exposure expectation X*, which we define as

X*= S C (t) dt. (9
0

The calculation of the exposure expectation can serve as the basis for the acceptance of specific solutions.
For example, if a dangerous discharge has occurred and the agent has just started to enter the same reservoir
of the medium which leads to man, the calculation of X* shows that special measures are necessary to prevent
. this entry. The calculation of X* is particularly necessary in those cases when transfer through a chain occurs
with a large delay and the actual injurious effect of the agent appears, maybe, only in subsequent generations,

An attempt may be made to equate the effect of chemical contamination to a specified equivalent dose of
radiation [5, 6]. For example, the concentration of ethylmethane sulfonate of 0.7 mg/kg causes the same fre-
quency of mutations in a culture of rodent cells as 1 rem of radiation [5]. However, it is by no means obvious
that this same concentration of chemical agent will lead to the same increase of risk, defined by Eq. (1), as
1 rem of total irradiation, Therefore, we shall construct a methodological estimate, related first of all with
the magnitude of the average risk of death for the individual R. We shall consider an increment of risk equal
to 107 as standard, We shall call the exposure % for the j~th agent of the environment causing this standard
increment of risk, the standard risk exposure (or, abbreviated, "reks"), Then, independently of the initial -
dimensionality of the quantity X5 the exposure for any agent of the medium can be determined in dimensionless
units (which we shall also call "reks"), The dimensionless exposure Ej will be equal to

E;j=X;/x;. ' (10)

Being dimensionless, the values of E; for different agents. of the external medium (chemical or radiation) can
be added directly. The risk for the individual in a population subjected to the effect M of different agents will .
be equal to -

M ' '
R=10"¢ Z Ej. : (11)
oy 2 o . E i

The sensitivity of the population to the effect of the j-th agent obviously is given by the value of ;. For ex-
ample, for ionizing radiation, if the latest estimates of the risk of death for stochastic effects are used [1], it
can be obtfained that =7 mrad, The value of % is averaged for the whole population and takes account of all i
possible effects leading to the death of an individual, I, for each effect individually, the sensitivity is defined
by the quantity »;, then the total sensitivity to a given agent can be found from the relation

st \ (12)

% — %
TIn Soviet literature, there is no generally accepted equivalent for the conversion of the English term "dose
commitment,?” The term "expected dose,® which is used sometimes, clearly is ambigwus, Therefore, by
analogy with the mathematical expectation, it is proposed to denote "dose commitment” as dose expectation.
In this case, the probable nature of this quantity is emphasized, and also its difference from the actual absorbed
dose,
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The relations considered are valid in the case of linearity of the risk-exposure relation. However, even in
the case of nonlinear relations, different sections of the rlsk"'exposure curves can be approximated by straight
-1lines and their relations can be used, .

The proposed methodology also allows the introduction of uniformity into the quantitative description of

. .the phenomena of synergism and the mutual suppression of certain agents simultaneously affecting the popula-

tion, - For example, if on the average there are first and second agents, the combined effect of which is non-
additive, the.following expressxon can be written for the effective di.mensmnless expo sure E:

E ‘*’(Xb} o) [ X1/% + Xof#s]. o ] (13)

The numerical value of the coefficient w is greater than unity in the case of synergism and less than unity in
the case of mutual depression, ‘

Obviously, the quantity E should serve as the basic normalization and can be used for comparing all-types
of practical worker, where there exists a risk of death of the individual. In this case, data about n are es-
sential for the most different agents. They can be obtained partially on the basis of analysis of the published
data; however, special purposeful investigations are required to a considerable degree for this, in the first
place experiments on animals, and also natural hygienic investigations, including a study of the environment
and the health of staff and population,

It can be verified that the most complete information necessary for quantitative estimates and forecasts,
are in the field of radiation hygiene [7]. The dose—effect relationfor chemical carcinogens has been studied
very inadequately [6]. Data which might be used for guantitative estimates of the effect in the case of combined
action are still few. Numerous gaps in the available data indicate the direction of the immediate investigations
which will be necessary for a correct estimate of the effect of the environment on man in the actual conditions
of the combined effect of many agents,
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o ESTIMATE OF DOPPLER BROADENING OF RESONANCES

V. V. Kolesov and A. A, Luk'yanov_ , . UDC 539,5,173.162.3

. The effect of the thermal motion of the nuclei of a medium on the form of the energy dependence of
neutron cross sections in the resonance region must be taken into account in the analysis of neutron spec-
troscopy data and in estimates of nuclear temperature effects in reactors, The problem consists in the
transformation of the cross section o (E '), determined theoretically in the center of mass system as a function

of the energy of the relative motiono f the neutron and the nucleus E1, to the laboratory system where the
neutron energy is E: :

o (E)= S‘U(E')F(E E')dE'. D
The dlstnbm:r.on function F(E ~E?) charactenzes the statistical spread of the energy E! resulting from the
thermal motion of the nuclei of the medium, Usually the gas model approximation is used, where

F(E—E*)dE'=(1/ VnA)exp[—(E’ E')*/A%]dE", : (2)

" "Here A= 2v / (A +1) is the so-called Doppler width and kT is the average energy of thermal motion of the
atoms [1, 2], The energy structure of cross sections at resonances is determined by the superposmon of
the known funetlons 1]

©o

i ‘_ t ¥ expl—(z—ypty
e e = @

oo : |

X (=, g)_ VCn S ’exp_[—(z_y)ZCzl,ydy

142

- where X= (E El)z/ Ty, ¢=Ty/ 2A and T is the resonance w1dth These functlons have been well studied,
detailed tables of them exist, and descriptions of algorithms and numerical calculation programs are available
[1-4]. The functions ¥ and y are widely used in the analysis of neutron cross sections in the region: of resolved
levels, and also in the study of resonance effects in nuclear reactors [2], However, the necessity of turning
to numerical calculations even for qualitative estimates of the Doppler broadening of resonances frequently -

~ “leads to considerable complications, Thus, in existing programs for seeking resonance parameters from ex-

perimental data, up to 90% of the machine time is consumed in calculating the functions ¥ and x. The integral

. representation of these functions makes the construction of the solutions of the transport equation for resonance

. neutrons difficult even in the simplest problems.

For rough estimates of effects related to the Doppler broadening of resonances it is convenient to have

" rational approximations of the functions ¥ and y obtamed by using a distribution function of the Lorentz form
[5] in (1):

F(E— E’ ydE’ —(A/Zn) dE'/ (E—E’ 324+ A2/4], ’ : (4)

where- A is the charactenstlc width of the distribution at half-height, By averaging (1) we obtain approximate
expressions for the Doppler functions:

¥ (2, O=(+8)/[z2+(14+6)2]; ‘ ' )
1, D=alls>+ (1+0)], i

where 0= A/ r [5]. Relations between A and A are established by comparing specific integral combmatmns of
the Doppler functions, Thus, from the equality of the integrals of the squares of these functions it follows that _

1+6)1=¥(0, { V). (6)

“Translated from Atomnaya Energlya, Vol, 47, No. 3, pp. 205-206, September, 1979, Original article
submitted November 20, 1978, !
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‘Fig. 1. Exact (—) and approximate (---) functions for calculating
Doppler broadening of a resonance for various values of {; a) the functions
¥ and ¥; b) the functions x and ¥.

The results ofa numerlcal solution of this transcendental equation can be represented by the approximate
relation

61=¢ [2. 5+2€+§<0 1+5)/(0. 12+§)] ‘ ("

Figure 1 shows that the general qualitative agreement of the exact and approximate functions improves with
increasing ¢.- .

Various integral characteristics of cross sections in the resonance region are of practical interest, These-

include transmissions averaged over the resonances as.a function of sample thickness (exp[—no}), average

cross sections measured with filtered beams {0, exp{—nol), and effective resonance integrals, Thus, the
temperature dependence of the effective integral of an isolated resonance is characterized by the self—shleldmg
factor :

o0

k=t S ) | ®
7 1o (¥ cos2¢p—ysin2¢) "’

where ¢ is the phase of the potential scattering, o= 00/0 1s the ratio of the cross section at the resonance
maximum to the potential cross section of the medium per nucleus of the resonance absorber [2], ‘When using
approximation (5) this integral is calculated as :

Ty Tt =

A comparison of the results of numerical calculations of the integrals (8) given in [4] with our results (9) yields
the approximate relation: '

cos2 ( 1— sin2 @ ) _ 9

6= {2.5+2¢+1(1+a cos 2¢) 01001240, (10)

which when used in Eq, (9) reproduces the values of the mtegrals with an error of less than ~ 3% over the whole
range of the parameters,

The result of averaging a resonance cross section with the distri bution function (4) is equivalent to the
ordinary Breit—Wigner formula, where taking account of Doppler broadening appears only in the redefinition
of the total width (I'~I'+X), This enables one to obtain simple analytic expressions for the estimation and
parametrization of the temperature dependences of various integral characteristics of cross sections used in
reactor physics applications, The fundamental criterion of the accuracy of the approximation must be a com--
parison with the data of integral experiments, since calculations with the integral Doppler functions are gener-
ally approximate per se, ‘
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NEUTRON RESONANCES OF 24_7Cm IN THE ENERGY RANGE
0.5-20 MeV '

T. 8., Belanova, A, G. Kolesov, ~ UDC 621,039,556
A. V. Klinov, S, N, Nikol'skii, | o
V. A, Poruchikov, V. N, Nefedov,"

Ve S Artamonov, R, N, Ivanov,

and S, M. Kalebin

The neutron resonance parameters of 2'Cm were calculated on the SM-2 reactor from the transmission
of a sample of curium, which was measured by the time-of-flight method. The neutron pulse was shaped by
a mechanical selector with three rotors, suspended in a magnetic field [1]. The best resolution on the flight
base of 91,7 m amounted to 120 nsec/m.

-‘The sample for investigation was made from powder, calcined at a temperature of 900—1100°C of the
stable oxide of curium (Cm 05 with a known oxygen content, Included in the unpurltles were “Am and #%py;
the latter is built-up in the sample as a result of the decay of #‘Cm. The maximum 21cm content at the time

_of measurement amounted to 0.64-10~% atom /b. The content of inert impurities, with the exception of oxygen, ‘
did not exceed 3%. The transmission was measured in the neutron energy range of 0,5-20 MeV with a statisti-
cal error on the resonance limbs of 1-2%. The neutron background did not exceed 2% of the effect,

The neutron resonance parameters were calculated by the shape method according to the Bright?WLgner

single-level formula [1]. As the neutron resonance parameters of 2#Cm, 2°Cm, #6Cm, #8Cm, #3Am, and %4%Pu are

well known [2-6], the “"Cm resonances could be identified in the measured transmission and their parameters
were calculated (see Table 1), In [3, 5, 6], the 21Cm resonances with energies of 1,247, 3.19, and 18.1 eV were
erroneously ascribed to #°Cm. The neutron resonance with an energy of 2,919 eV was not previously detected.

Only 5 neutron resonances of #'Cm were identified with large values of 2gTy, because the #'Cm content
in the sample was low (1.7 mg) and the resonances of this isotope were identified on the background of the
large number of resonances of 2Cm, #*Cm, #&Cm, %%Cm, %3Am, and #%py located in the energy region being
investigated.

TABLE 1
EoeV T, MeV 2T, MeV
1,247+0,005 Th+4 - 0,560,09
2,919%0,010 70330 0,10%0,04
3,189%0,010 1036 1,040,1
9,5540,03 166460 0,91%0,33
18,1%0,1 2104170 3,7%1,5
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CONFERENCES, MEETINGS, SEMINARS

SOVIET — BRITISH SEMINAR ON FAST REACTORS.

R. P, Baklushin

At the Seminar on "Experience in the Design, Experimental Development, and Operation of the Basic
Plant for Fast Sodium Reactors,? the British specialists presented 17 reports on the construction of units and
plant for the newly designed commercial CFR reactor and on the various material-behavior problems, The
Soviet specialists participating in the Seminar, visited nuclear centers at Rlsley, Harwell, and Dounraey, and
. also the PFR, operating at a power of 20 MW (thermal) and with a nominal capacity of 600 MW, The nominal
thermal capacity was achieved in February 1977, but the electrical output was below the design output as a
consequence of ore of the intermediate steam superheaters and certain of the regenerative water preheaters
(mixing type) being switched off, and also because the vacuum in the condenser was below the calculated value,
The reactor, in addition to the generation of electric power, is used for testing fuel elements, plant, and com-
ponents of the CFR reactor. In the last 2 years, the PFR frequently has operated at only 66% of its power be-
cause of these investigations. There were no cases of failure of the regular fuel elements and the burnup was
5%. There were 6 experimental cassettes with fuel elements in the core, and after 6 months there were two'
cases of fuel element failure among them, In January 1979, after this failure, the power was reduced to 66%.
The burnup of the experimental fuel elements then in the reactor, amounted to 9%, but in general it reached
22%. In the week before the arrival of the delegation, a leak appeared in the evaporator of the second steam
generator, which was the reason for further reduction of power, Although the leaks in the steam-superheaters
of stainless steel attracted the most attention of the specialists, and after which cracking occurred in conse-
quence of alkaline corrosion, these leaks amounted in all to two or three out of 15, Others were observed in
the evaporators at the site of the tube weld with the tube plate because of corrosion pitting in the zone of the
welded seam from the water side.

i

{ Great attention was paid to the reprocessing of PFR fuel (plutonium dioxide). The British specialists

consider that they have solved this problem. Inthe summer of 1979 at Dounraey, it is proposed to start up

a faclllty which has been designed for the reprocessing of all the fuel unloaded from the PFR. On this same
area, it is planned in the future to manufacture fuel element assemblies from the reprocessed fuel, and thus
to close the fuel cycle,

The decision to construct a nuclear power station with a CFR has not been taken and the area has not
been assigned., The reasons for this were named as the reserves of petroleum discovered in the North Sea
and the opposition of the protectors of the environment, It is expected that the construction of the nuclear
power station will be started in 1984, The following problems were discussed in more detail.

’ In the core of the CFR, three types of control and safety rods are distributed: 19 control rods (these
are the burnup compensators) and 9 scram rods —main and auxiliary. The design of the control and scram
rods is conventional, Their actuators are located above the core on rotatable plugs. The main interest is the
auxiliary group of scram rods, I is not connected mechanically with the rotatable plugs, but can provide pro-
tection of the reactor during fuel recharging. The rods are retained above the core by the action of a stream
of sodium, fed into the guiding sleeve from below by special electromagnetic pumps, The rods are divided into
three groups, with three in each group, and fed with an individual pump, When the pump is switched off, the
rods fall downwards under the action of their own mass with a velocity of 0.4 m/sec. On falling into the core,
the three rods inject a reactivity of —1,12% Ak/k. The geometry of the sleeve and the rod is such that in the.
case of erroneous switch~-on of the pump, the latter remains in the lower position. In the upper portion, in
whmh it is retained by hydraulic forces, it is returned by a special pickup mechanism, After switching on the
pumps, the pickups are disengaged from the rods and raised upwards,

*f For the scram system, a special electromagnetic pump was developed and tested; it has a winding of
copper strands surrounded by a magnesite insulation and a winding of stainless steel. The pump can be oper-
ated when immersed in sodium at 600°C. It was designed so that its central part with the electrical winding
could be withdrawn from its channel, in the event of the occurrence of a failure, The diameter of the central

part of the pump of different stub-size varies from 32 to 300 mm, and the flow-rate correspondingly from 0,4
to 50 liter /sec.

Translated from Atomnaya Energiya, Vol. 47, No. 3, pp. 208-213, September, 1979,
I
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The fuel recharging system of the CFR has significant differences from the PFR fuel recharging system,
Fuel element assemhblies are withdrawn from the core by three mechanisms of the *direct® type (without panto-
graphs). They are lined-up with the fuel element assemblies by three rotatable plugs. The change of design
is explained by the tendency to increase the reliability and the service life of the mechanisms, and also not
to withdraw them from the sodium after recharging, Two of the recharging mechanisms have been designed
for the fuel element assemblies (in order to speed up the process, they operate together), and the third is for
recharging the sleeves with the control and safety rods which, in order to eliminate errors, have other gripping
devices, The heat capacity of the recharging container, filled with sodium, has been chosen so that the tem-
perature of the fuel element cladding in the most stressed fuel element assembly is not raised above 650°C.
In the case of delay, the container is cooled addifionally by blowing with argon,

~ The pump of the CFR primary circuit is two-stage, and it has been calculated on a flow-rate of 10,500
m%h with a pressure head of 928 kN/m?, and an operating temperature range of 200-370°C, but may be 500°C
for a short time, The extraction part of the pump has a length of more than 15 m. The drum rests on two
bearings: the lower is hydrostatic, fed with sodium from the pressure head of the pump; the upper is an oil
bearing, radially axial, The drum sealing, as it has been suggested, will be mechanical, lubricated with oil
and friction pairs, based on flat rings, Each pump is provided with a cut-off valve, for which there are no
requirements for fast closure or 100% leak-tightness. The arrangement of the valve, together with the pump,
allows the diameter of the reactor vessel to be reduced significantly. The power supply of the pump is fed
from a separate motor-generator and variation of the speed of rotation is effected by varying the frequency
of the ac supply, The range of control is 20-100%, In the case of deenergizing of the facility, auxiliary motors
are provided, fed from accumulator banks and they ensure a 10% sodium flow rate,

It is proposed to develop the design of the pump and of the individual components on test-rigs. In par-
ticular, a transparent-1/4-scale model has been provided for, test-rigs for developing the upper and lower
bearings, sealing, cut-off valve, etc. The problem of full-secale tests of the pumps in sodium, however, has

not been resolved. Many British speclallsts assume that it will be sufficient to conduct these tests on water,
as was done for the PFR,

The intermediate heat-exchanger of CFR has 4280 tubes with an outside diameter of 22,2 mm and an
effective length of 7,1 m, arranged in concentric circles and fixed into two flat tubular plates, The sodium in
the primary circuit flows in the tubes, and the sodium of the secondary circuit flows in the intertube space.
H lias been assumed that this ensures smaller hydraulic losses in the primary circuit and a more reliable
operation in transition temperature conditions. The tubular plates are supported by the jackets and the tubes
are made flexible, which makes the structure insensitive to the flow and temperature distribution between
individual tubes. A gap is also provided, which is necessary for stopping the sodium supply of the primary
circuit through the intermediate heat-exchanger, when the loop of the secondary circuit is switched off,

The CFR steam generator has partial recirculation (the moisture content of the steam at the outlet from
the evaporator is 10%), The concept of the recessed tube bundle with U-shaped tubes has been retained, The
most important changes with respect to the PFR concern the dioice of structural material. In the evaporators
and superheaters KhdM1 steel is used (stainless steel in the superheaters finally was rejected). The tempera-
ture of the live steam consequently is assumed to be 490°C, The British specialists assume that leaks in the
PFR steam generators are due, to a considerable degree, to the design of the sealing subassembly of the tubes
in the tube plates, which has been made too inflexible and has residual stresses which promote corrosion
cracking, Inthe CFR steam generators, the tubes are secured with thermal couplings. A secondary sodium
steam generator was rejected in CFR, It will be effected with live steam.

Work is proceeding in Great Britain on instruments for facilities with sodium coolant. In particular, an

ultrasonic instrument for the inspection of components above the surface of the sodium was demonstrated on
d water test-rig, At the end of 1979, it is proposed to test the instrument in the PFR. Several new sodium
test-rigs have been built. The HTSL test-rig, introduced in 1978, makes it possible o sunulate thermal shocks
with a rate of up to 25 degC /sec (from 600 to 400°C over 8 sec). The vohmle of sodium is 21 m3 and it is
calculated on a temperature of up to 700°C and a flow rate of up to 320 m $/. The SCTR test-rig, with a sodium

volume of 40 m3, has 7 working vessel-receptacles with a diameter of 0.6-1.1 m and with a length of 3.3-26 m.,
It is designed for testing various subsasemblies and mechanisms in static sodium. It is also proposed to in-
vestigate on it the weldability of fuel element assemblies in sodium, the wear of tubes, etc, On the "Super NOAH"
test-rig, interstitial flows (400 g/sec) are being simulated in tube bundles with ideal geometry, for studying
leakage of water into the sodium in steam generators, Temperature processes at the site of the leak are being
investigated, secondary leaks have been simulated and also the burning of tubes with defects with a diameter
of up to 20 mm,
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Considerable attention in Great Britain is being paid o the behavior of structural materials under rea-
listic conditions, In the reports devoted to the behavior of stainless steel 316 under conditions of high temper-
ature and stress, the results are described of investigations of the process of formation and development of
cracks, In other reports, the results were given of 1nvestlgatmns of the corrosion of KhZM and Kh9M steel
for steam generators.

The meeting of the British and Soviet specialists confirmed that there are many problems presenting
mutual scientific—technical interest.

CONFERENCE ON HYDROGEN POWER GENERATION

Yu, I, Koryakin

On May 17-19, 1979, a conference was held in Baku, of the Bureau of the Commission on Hydrogen Power
Generation of the Academy of Sciences of the SSSR, together with the Scientific Council on the Production and
Utilization of Hydrogen of the Academy of Sciences of the Azerbaidzhan SSR, About 100 people attended from
the institutes of the Republic and organizations of other cities. The purpose of the Conference was formulated
by M. A, Topchibashov, Academician of the Academy of Sciences of the AZzSSR, who mentioned the active par-
ticipation of the scientists of the Republic in solving the important and many-sided hydrogen problem,

The position and significance of the hydrogen problem in the development of power generation in the long-
term was highlighted in a report by Academician M, A, Styrikovich, Hydrogen and its derivatives are emerging
first and foremost as an intermediate energy-carrier in industry, municipal-everyday heat supply, and the
direct combustion of fuel. For these purposes, at the present time in the world about two-thirds of the fuel
being extracted is burned up, Despite the mass production of hydrogen being a matter for the more distant
future, it is essential to solve the hydrogen problem even now. In the situation expected in the long-term, the
question is not about the orientation in this or other energy source or energy-carrier, but about their opumum
combination, including the user factor.

The main attention in the report of M. A, Styrikovich was paid to the fuel-power situation in the world
and its special features in the Soviet Union. It was noted that the practically inexhaustibility of the already
widely used atomic energy and, in the future, possibly thermonuclear energy, will ensure the feasibility of
the further growth of energy consumption, The increase of consumption, complicated by the "demographic
explosion? of the last decades, will be limited by the negative secondary effects of power development, including
in the first place the disturbance of the ecological equilibrium, created by excessive load on the enviromment.

The speaker defined certain determining factors in the forecasts of power development — the population
increase, reserves and resources of the various types of energy, the importance of nuclear power forecasting
especially in the long-ferm, and also the tonality of the forecasts being compiled, as in recent years dark
predictions concerning the power future have been frequent abroad. There is no basis for this, although the
gradual slowing down of the power increase can be expected with a high probability. Under these conditions,
the forecasting in quite a large time depth, up to the end of the 21st century will acquire considerable im-
portance. The duration of the development of power technology, computed as tens of years (e.g., nuclear power),
and the great technological and invested inertia of the power generation branches and of the infrastructure will
now require such endeavors, M, A, Styrikovich noted that Soviet and foreign investigations invariably will have-
an effect on the dominating role of nuclear power generation, despite the several complex and increasing nega—
tive factors accompanying its development, They are mainly due to the external fuel cycle,

The essence of the hydrogen problem, combining a different power generation technology including nuclear,
was recounted by V. A, Legasov, Corresponding Member of the Academy of Sciences of the SSSR, He indicated
the fundamental position on which is based the complex of work on hydrogen power generation in the Soviet
Union, Hydrogen cannot be and must not be considered as a source of primary energy, but only as a factor of
energy economy, and its optimum utilization, No alternative to hydrogen can be seen as yet in the solution of
this problem (taking account not only of molecular hydrogen, but also its different forms — atomic, liquid, and
chemically combined), The possession of the technology for the production of hydrogen will require a long time,
and a delay in its utilization will strongly affect the future requirement for power. Its methods of production are
indifferent to the sources of power, but are sensitive to temperature, The participationof nmuclear power in
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production is possibly twofold: electrolysis and high-temperature thermochemistry., Plasma electrolysis is
interesting, by which hydrogen can be obtained in a nonequilibrium oscillatory process of the reaction of CO,
and H,0 at 500°C, The process of direct production is interesting, although it is difficult to achieve from the
point of view of radiation safety, due to the radiation output. Here, the interaction of radiation with the mole-
cule of water is used, The speaker gave estimates of the possible scale of hydrogen production by nuclear
methods, the structures of the consumption of hydrocarbons obtained by these methods, in future hydrogen
power generation. '

In order to solve the hydrogen problem, considerable work will be necessary, for which a program has
been compiled by the Academy of Sciences of the SSSR and the State Committee for Science and Technology,
. and contains scientific—technical problems of the production and utilization of hydrogen.

A following group of reports, made by scientists of the Academy of Sciences of the A zSSR, concerned
the different sides of the activity of the institutes of the Republics in solving the problem, This activity, defined
in the report by M, I. Rustamov, rests on the petrochemical production base of the Republic, and starts from
its potentialities, specific properties and requirement. About 100 people are participating in the investigations,
work is proceeding in the direction of hydrogen production in different cycles, from hydrogen-containing gases
using biological methods, by the creation of thermal and solar energy sources, photochemical decomposition
of water, the use of synthesizers, and by the membrane method of separation (pure hydrogen ~ 70%). The prob-
lem consists in the utilization of hydrogen-containing incidental and waste gases of the petroleum extraction
and petrochemical industries.

The large number of windy and sunny days in the Republic (180-200 and 300 days per year) justify the
work on wind and solar power facilities, a description of which was given in the report by M. Ya, Bekirov,
A photoelectric hydrogen facility with a silicon solar battery and an electrolyzer with a2 power of 100 W and
a hydrogen output of 3 liter /h, a wind-powered facility of 240W with an output of 7 liter/h, etc. have been con-
structed, The photochemical and combined methods of decomposition of water were the theme of the report by
N. Z, Muradov, Photocatalyzers (dyestuffs) allow up to 30% of the visible region of the solar light spectrum
to be used, Combined methods are being investigated with the use of light, thermal, and electric power. Pref-
erence is being given to the iodine and iron—chlorine cycles, The former allows a photochemical process to
be used for the decomposition of water, and the second is based on the use of hydrochloric acid, which is a
waste product of industry, The content of hydrogen and hydrogen-containing gases of the waste products of
the petrochemical processes was the theme of the report by E. I. Pryanikov, The wastes from catalytic thermal
cracking are a multitonnage supply for the production of hydrogen. K is an important element in the intensifi-
cation of the reprocessing of petroleum and complex utilization in petrochemistry (report of L. I. Sidoruk), The
membrane technique of separating hydrogen and the technology of production of improved membranes, developed
in Azerbaidzhan, was the topic of the report by R, S. Alimardanov., The report of V. R, Rustamov was devoted
to the radiolysis of water vapor in the presence of solid catalytic compounds — zeolytes. A report on the work
of the Second Universal Conference on Hydrogen Power Generation (Zurich, 1978) was given by S, P. Malyshenko,

The consideration of the reports, discussion, and decision taken reflected the urgency and importance
of the problem as a whole, as well as the work being carried ouf in the Azerbaidzhan SSR,

SECOND CONFERENCE OF THE CONSULTATIVE GROUP
ON NUCLEAR DATA FOR THE ISOTOPES OF THE ACTINIDE
ELEMENTS

V. M. Kulakov

From April 30 to May 5 1979 at Cadarache (France), two international conferences were held, convened
by the JIAEA, The first of these was a conference of two groups united by a program of coordinated investiga-
tions, and the second was a conference on nuclear data for the actinides.

The two groups, within the framework of the program of coordinated investigations, were formed after
the First Conference on Nuclear Data for the Actinides (Federal Republic of Germany, November 1975) and
they monitor the state of nuclear data, One of the groups is occupied with the status of nuclear data and the
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comparison of estimates of the cross sections in reactions with neutrons, and the second is occupied with the
status of the measured and estimated values of nuclear data concerning decay. The last meeting of these
groups took place in Mid-1978 in Vienna, As a result, recommended estimated values of nuclear data were-
worked out and distributed both for reactions with neutrons and for the decay of isotopes of the actinide ele-
ments, At the meeting of the first group (on neutron data), 15 specialists participated from 10 countries
(Belgium, Great Britain, Israel, India, Italy, Soviet Union, France, Federal Republic of Germany, Switzerland,
and Japan). The state of work was considered at the Meeting, on the estimation of cross sections, the degree
of their overlap, methods of circulation and exchange of data, and also the methodology for comparing the
different estimates, At the Meeting of the second group, 10 specialists participated from 7 countries (Belgium,
Great Britain, Soviet Union, USA, France, Federal Republic of Germany, and Japan), Reports were presented
on the measurement and estimation of nuclear data on decay during the time elapsed since the last Conference
in Vienna, The estimation of nuclear data was discussed, their presentation on magnetic tapes, and also their
circulation and exchange, As a result, tables were compiled of recommended values, in which data were in-
cluded about the half-lives, relative probability of spontaneous fission, the absolute value of the intensity of
selected o and vy transitions, and also the most-intense L — x emission,

At the second meeting of the Consultative Group on Nuclear Data for the Actinides, 36 specialists from
10 countries participated, The Conference was organized by the Nuclear Data Section of the IAEA and, just
as the first Conference at Carlsruhe, called upon specialists occupied with estimates of muclear data and the
direct measurements of the constants, to assemble together with the nuclear data users, The work of the
Conference proceeded in accordance with this program, InSection A reports were heard on the requirements
for nuclear data for standard U and U—Pu thermal and fast reactors and for reactors with alternative fuel
cycles. The speakers of Section B reported on the status of nuclear data (both decay and cross section), the
estimation of these data and the mutual comparison of the estimates, In addition, several reports were pre-
sented on the measurement, estimation of data for specific isotopes, and the methodology of compiling the
estimates,

On one of the days, the participants of the Conference divided into two working groups, the problem of
which was to discuss in more detail the status of the computed data, to compare them with the requirements
formulated in the reports, to work out general recommendations for future work within the framework of the
program of coordinated research, and specifically on the measurement and estimation of data for individual
isotopes. One of the working groups discussed neutron data and the second discussed decay data, Tables were
then compiled reflecting the current state of accuracy of the nuclear data and comparing them with the accuracy
required for calculations in the various branches of nuclear technology and also in geology, medicine, cosmo-
chronology, etc. Isotopes were noted for which data needed for the calculations were totally or partially absent,

The last session was devoted to the repoirts of the representatives of the working groups, the acceptance
of general recommendations of the Conference and the special recommendations of the working groups., Of

the general recommendations, the following may be mentioned:

international activity on the measurement and assessment of nuclear data for the actinides has been
approved;

it is proposed that JAEA organize the next meeting after 4 years, assuming this period to be the optimum
- for reviewing the current state of nuclear data and for carrying out the necessary assessments;

it is proposed that meetings of the groups on the Program of Coordinated Research should take place
every year, It is recommended that the next meeting take place in June 1980 in Vienna, before or after
the meeting of the International Commission on Nuclear Data;

the issue of the journal "Actinide Newsletter,” prepared by S, Raman (USA, Oakridge), was suppoxrted,
was accepted as useful, and it was suggested that it is issued annually,

The Conference showed that at the present time, work on the measurement, collection and assessment
of nuclear data for the actinides has acquired a considerable spread in all the developed countries, and the main
attention was paid to the broad international collaboration within the framework of the JAEA, This is demon-
strated, on the one hand, by the requirements for nuclear data in solving problems of miclear power generation
and technology, and certain applied problems, and on the other hand, international cooperation will allow access
to the entire collection of data, thereby saving considerable material resources of each individual govermment,
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SOVIET —SWEDISH SEMINAR ON THE BURIAL OF RADIOACTIVE
WASTE

L. P, Zavyal'skii

The Seminar took place in Sweden in March 1979, Its program included the attendance of the Institute
of Glass at Veksho, Control of Geological Services at Upsalla, the Geological Testing Ground at Finshen, the
bituminizing workshop at the *Forsmark" nuclear power station, and the organization for the Planning of
Nuclear Safety in Stockholm,

In Sweden, before obtaining governmental approval on the operation of an installed nuclear power station,
it is necessary to present and defend the plan for the final burial of either the radioactive waste from the fuel
element regeneration, or from spent fuel elements., At present there are 6 operating miclear power stations
and 6 under construction in the country. The "Forsmark" nuclear power station has not delivered under load,
as there is no decision on the startup, although one unit of 900 MW (electric) was installed in 1977, construction
of the second unit has been completed, and the area for the third unit with a capacity of 1040 MW (electric) has
been reserved, In order to work out a standard plan for the final burial of waste or spent fuel elements, an
organization was set up in 1976 on the Planning of Nuclear Safety (KBS), under the aegis of the National Council
for the Treatment of Radioactive Wastes. Swedish industrial firms, institutes, and universities are working
under contract to it, and also foreign organizations and companies, including from the USA, France, and the
Federal Republic of Germany, In 1978 the efforts of the Swedish and foreign specialists resulted in the develop-
ment of a plan for the final burial of spent (nonregenerated) fuel and the vitrefied wastes from fuel regenera-
tion, At present in Sweden, both these concepts are being studied as alternatives. The right of the ultimate
decision on the choice of the method of burial rests with the Governmental Committee on Radioactive Waste.

The first plan, entitled "Treatment of spent nuclear fuel and the final burial of vitrefied waste of high-
level activity," consists of five volumes under the following headings: General Situation; Geology: S’oorage
Vaults; Safety Analysis; and Review of Foreign Work,

At the present time the KBS has an agreement with the French firm COGEMA for the regeneration of
Swedish spent nuclear fuel in the 1980s, Affer regeneration of the fuel, it is proposed to store the wastes in.
the form of vitrefied blocks for 10 years in France, in chrome—nickel steel containers, after reduction of the
release of heat to 1000 W per container, to transport to Sweden, where they will be stored for 30 years with
air cooling until the heat release is less than 525 W per container, in a specially constructed intermediate
storage vault at a depth of 30 m. The intermediate storage vault has been calculated on 9000 containers, which
corresponds to a quantity of waste from the regeneration of spent fuel from 13 Swedish nuclear power stations
during 30 years, The Design of the intermediate storage vault is similar to the design of the storage vault at
Marcoule, After a total of 40 years of storage, the vitrefied blocks will be finally buried in lead—titanitm
capsules at a depth of 500 m, in tunnels, at the bottom of which at a distance from one another of 4 m will be
sited boreholes with a depth of 5m. After loading in the containers the boreholes and tumnels will be filled
with a mixture of quartz sand and bentonite. According to 1aboratory 1nvest1gat1ons, the service life of the
container with unlimited contact with water is estimated at 30,000 years In the case of final burial at 500 m,
the contact of the container mth water is estimated at 0.2 11ter/m per year, and the service life is estimated
at 60,000 years.

The requirements are given in the plan for the transportation systems and the intermediate and final
storage vaults, and a long-term forecast is given of the radiation safety during storage in hard rock,

The second plan "Treatment and Final Burial of Nonregenerated Spent Nuclear Fuel " issued in two vol-
umes is considered as an alternative to the first plan, It is proposed that the regenerated fuel assemblies
after intermediate storage during 40 years, should be placed in final burial in hard rock, The assemblies will
be encapsulated in copper containers (diameter, 770 mm; height, 4700 mm; and wall thickness, 200 mm), lined
inside with lead., The total mass of the container is 20 tons, including 2 tons of fuel, 2.5 tons of lead, and 15,5
tons of copper. The total number of containers is 9000. The encapsulation of fuel elements in canisters of
aluminum oxide, obtained by hot isostatic pressing at 1350°C and a pressure of 100 MPa, is also being studied,
The length of the proposed canister is 3 m, diameter 0.5 m, and mass 2 tons. They will be manufactured in
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the high-pressure laboratory of the firm ASEA in Robertsford., The canister will hold 144 BWR fuel elements
or 174 PWR fuel elements, twisted in the shape of a flat spiral, It is proposed that final burial be conducted
just as in the first plan, but the boreholes for the copper containers are stipulated to be cased with pressed
bemtonite blocks,

-

As in the first plan, the amount of spent fuel in the container is analyzed here, the.starting data are given
for the design and description of the storage vault, the properties of the canister materials and the buffer ma-
terials, and an analysis of safety is given, '

At the presen time, the program of scientific-research and experimental -design work of KBS is drawn
up for 10 years and includes field geophysical, geochemical, and hydrogeological investigations; a study of
vitrefied wastes and spent fuel; safety analysis; work at an experimental station in the Strir pit (Dallarn)
at a depth of 400 m, and also economic studies and design work, ' :

The high scientific—technical study by Swedish specialists should be mentioned, of problems associated
with the final burial of highly active waste. The basis of the plans rests on 120 reports on scientific-research
work, . -

NATIONAL CONFERENCE IN THE USA ON CHARGED-
PARTICLE ACCELERATORS

Yu, M, Ado and I, N, Semeéenyushkin

The National Conference on Charged-Particle Accelerators in the USA, held once or twice a year, at-
tracted the attention of a considerable number of scientists and specialists associated with the development
and improvement of accelerators, as well as with their use for physics and applied research, The last con-
ference took place on March 12-14, 1979 in San Francisco, About 900 specialists, including about 170 from
other countries, participated in its work. At the two plenary and 12 sectional sessions, more than 250 reports
were presented on the broad problem of accelerator science and technology. The use of accelerators for ap-
plied purposes was assigned an important place in the work of the Conference,

One of the principal trends of work on functioning proton accelerators is to increase the intensity of the
accelerated particle beams, A large number of reports was concerned with studies of the dynamics of particles
in accelerators under conditions of the powerful effect of the inherent electramagnetic field of the beam. For
example, in the CERN reports, the correction of the principal quadratic betatron resonances and structural
resonance in an 800-MeV booster which was carried out successfully were discussed; also the resistance wall
instability of betatron oscillations in a 28-GeV accelerator with an intensity of 1.2 - 1013 protons per cycle, the
strong instability of the "head—tail" type in a 400-GeV accelerator, and the beam instability caused by parasitic
oscillation modes in accelerating resonators, The operation of this accelerator with an intensity of 2- 101°
protons per cycle has been assured by the suppression of these effects. It should be mentioned that the proton
energy was successfully increased up to 500 GeV for a short time. It will be possible to operate it at an energy
of 450 GeV. The reports of the specialists of Fermi National Accelerator Laboratory (FNAL) concerning the
use of negative hydrogen ions for recharge injection into a booster created interest. The use of recharge in-
jection has allowed the intensity of the main accelerator to be increased up to 3.9- 1013 protons per pulse (design
for 5 1013). In the Brookhaven National Laboratory (BNL) the acceleration of polarized protons is being studied
in a 33-GeV accelerator. It is assumed to be possible to maintain 70% of the polarizations up to 23 GeV and

50% up to 26 GeV with an intensity of 1012 protons per pulse, The cost of the work is estimated at 2,9 million
dollars, :

Included in the designs of large accelerator facilities that are being built at the present time are the
DOUBLER (FNAL) accelerator with an energy of 1000 GeV (with completion in 1982) and the ISABELLE (BNL)
facility with colliding proton beams of 400X 400 GeV and with an emittance of up to 10® em~2-sec™! (completion
in 1986). At CERN it is planned to obtain by 1982, proton—antiproton colliding beams of 270 X 270 GeV and
with an emittance of about 10* ecm=2+sec™ in a 400-GeV operating accelerator, The antiprotons will be stored
up in a special annular storage ring, using stochastic cooling. The specialists of FNAL also presented reports
about plans for proton—antiproton beams, but using electronic cooling. The designs of the DOUBLER and
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ISABELLE facilities are based on the use of superconducting magnets. After prolonged model investigations
at BNL and FNAL, working specimens of the magnets have been developed and at the present time a study of
them is being conducted at FNAL with a beam of particles,

Great interest was created by the report of the operation of the PETRA facility (Federal Republic of
Germany), with colliding electron—positron beams of 19X 19 GeV and the plans for its development. Doubling
of the hf power in 1981 will permit the particle energy to be increased up to 23 GeV, and conversion at the end
of the 1980s to superconducting resonators should increase the energy to 30 GeV. The large facilities also
include the PEP facility (USA, Stanford) for colliding electron—positron beams of 19x 19 GeV. The first ex-
periments with the beam are planned for October 1979,

The normal system for producing colliding ete~ beams with an energy of 100 GeV and higher becomes
complicated and expensive. The cost of the design for colliding ete™ beams with an energy of ~80 GeV is
estimated at ~1 million Swiss francs, An alternative conventional scheme for this energy might be linear
colliding beam systems, a study of which is being conducted at certain USA centers and in other countries.

Reports were presented at the Conference on the various aspects of the generation of intense pulsed
beams and of a study of the process of collective particle acceleration.

The study of the behavior of a nuclear substance in extreme conditions, the study of multibaryon inter-
action, and also the prospects of using ion beams for medical —biological and applied purposes all stimulated
the interest which is appearing in many large-scale physics centers of the world for the production of beams
of heavy ions with high energy. Today, in five centers (Dubna, Berkeley, Saclay, Darmstadt, and Tokyo) there
are, or are planned, heavy-ion accelerators with an energy in excess of 1 GeV/nucleon, The characteristics
of an ion accelerator at this energy is determined mainly by the multicharged ion sources, the efficiency of
the ion acceleration system with a low energy, etc., This was reflected in the reports presented at the Con-~
ference on this topic. Progress has been achieved by the French specialists working on an electron-beam
source of multicharged ions of the Dontz type. With a current density of ~10° A/cm? and an ionization time -
of 6-10 msec at the source outlet 5-10° ions of N™ and 3-10° ions of Ar'® and Ar'™ are obtained, It is pro-
posed that by the end of 1979, the source will be functioning on the Saturn-II accelerator. A heavy-ion accel-
erator complex, the design-of which is being developed by JINR and the I. V, Kurchatov Institute of Atomic
Energy, is intended for the production of a record ion energy of up to 4.5 GeV/nucleon, As the ion source in
the first stage, the eryogenic electron-beam source, which is already functioning in the synchrophasotron will
be used, In the next few years, it is planned to bring to completion the NUMATRON project (Japan)., The ac-
celerator complex is designed for the production of ion beams up to uranium, with an energy of 1,27 GeV/nu-
cleon and an intensity of 10° ions/sec. The ions will be accelerated successively in three linear Wideroe ac-
celerators, in two Al'varez linear accelerators with gradual increase of the charge of the ions, due to stripping
on special targets, and two synchrotrons, In order to produce the high intensity of the accelerated particles,
it is proposed to carry out multireversible injection in the first synchrotron during buildup of the beam,

Part of the reports was devoted to the high-powered 35-MeV deuteron accelerator, with a continuous beam
current of 100 mA, being developed at Los Alamos, If is proposed to use this accelerator as a neutron genera-
tor (LO° neutrons/cm2 sec) for testing the structural materials of a thermonuclear reactor. Special attention
during the development of the accelerator system is being paid to reducing the beam losses to values which are
characteristic for operating linear accelerators. For the initial part of the accelerator, it is proposed to use
a structure with spatially uniform focusing. It is proposed to develop a high-powered linear accelerator under
project PYGMY (proton energy 650 MeV, average current 100 pA), The initial part of the accelerator is
designed on the use of variable-phase focusing, Small-sized lenses in permanent magnets of rare-earth alloys
will be used for the drift tubes, The accelerating structure of the end part of the accelerator will provide a
high rate of acceleration — 6 MeV/m. Great interest was created by a report presented by specialists of the
Institute of Theoretical and Experimental Physics (Soviet Union) concerning the accelerating structure of a
linear accelerator with spatially uniform and quadrupolar focusing, The completion of these projects will
be an important step in the development of accelerator technology.

A large number of reports was devoted to the generation and utilization of synchrotron radiation (SR) in -
electron cyclic accelerator-storage devices, Interest in the use of synchrotron radiation in biology, crystallog-
raphy, microscopy, etc, is increasing, By 1979 in the USA, about 260 proposals for experiments were con-
tributed from ~ 100 establishments in the USA and other countries. Abroad, beams of synchrotron radiation
have been produced in 13 accelerator facilities and before 1981 their number will increase to 30,
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One of the most important fields in science and technology, where accelerators can find extensive appli-
cation and may determine the direction of future development, is that of nuclear power generation, using -
nuclear fission and thermonuclear fusion, Great attention was paid to these problems at the Conference.
According to the calculations of the BNL specialists, the use of high-powered proton linear accelerators with
an energy of ~1 GeV for turning out nuclear fuel (®°Pu and 23U5) will prove to be suitable for the provision
of reactor fuel, Certain laboratories in the USA (Sandia, Berkeley, Livermore) presented reports on high-
powered electron accelerators and heavy-ion accelerators designed for thermonuclear fusion,

Medical —biological research is occupying an ever-increasing position in the use of accelerators. At the
Berkeley and Los Alamos laboratories, the Fermi Laboratory and others, particle beams already are being
' used for therapeutic purposes. The Committee for Radiooncological Research has formulated a program for
the future development of medical ~biological research and the application for therapy of different particles
(neutrons, protons, heavy-ions, and m-mesons), including the construction of special accelerators for these
purposes, Co ' - .
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BRIEF COMMUNICATIONS

TENTH SPRING SYMPOSIUM ON HIGH ENERGY PHYSICS
A. B, Kaidalov
. The Tenth Spring Symposium on High Energy Physics, organized annually by physicists of the Karl Marx

Umvers1ty, Leipzig, was held in March 1979 at Bermsgrun (German Democratic Republic)., About 30 physi-
cists, the majority of whom were from the University of Leipzig and the Institute of High Energy Physics,

.Zeiten, participated in its work, Physicists from other countries were invited to the Symposium to lecture on

the most urgent problems of the physics of elementary particles, Professor Renard (France) read a course
of lectures on the various phenomena arising during ete~ annihilation. It is well known that in this field ex-

‘tremely important results have been obtained in recent years — the discovery of new particles ¥, ¥', x, v,

and ¥, having unusual properties and cons1stmg of quarks of new types (c, b), the discovery of the new heavy

T -lepton, and indications have been obtained of the existence of quark and gluon jets, etc. In the lectures the
possibilities for the experimental observation of the intermediate Z -boson were discussed in detail; the Z°-
boson is predicted in the gauge theory of the weak and elecfromagnetic Weinberg—Salem interaction in the
colliding e*e™ beams with an energy of about 100 GeV in the center of mass system, currently being planned.
The reports of the German physicists (K. Hansen, G, Wetzig, and S, Ritter) were devoted to the study of the
different aspects of formation of hadrons in et e~ interactions,

Great attention is being paid at the present time to the verification of the Salem ~Weinberg model by the
investigation of neutral currents. It is well known that recently effects of nonconservation of p-parity in neutral
currents have been observed, - The possibilities of further investigation of the properties of weak interactions
in scattering processes of leptons by nucleons and deuterons were discussed in the reports of G. Motz and
T. Raiman,

A, B, Kaidalov (Soviet Union) delivered lectures on the application of the dispersion rules of sums in
the physics of elementary particles, By meians of this method, an indication can be obtained of the possnbihty
of existence of exothermic baryon resonances with large isospins,

Considerable attention at the Symposium was paid to the theoretical investiga{:ion of the interaction of
quarks and gluons on the basis of quantum chromodynamics. Quantum chromodynamics is an asymptotically
free theory, and therefore at a small distance (large imparted momenta), the theory perturbations can be
used. Part of the reports was devoted to the consequences of quantum chromodynamics for processes with
large imparted momenta (G, Perlit, R, Kirschner, A, Schiller, and I, Kripfhantz), Problems were considered,
associated with violation of scaling in deep inelastic processes, with the existence of processes of the forma-
tion of several jets in ete~ annihilation processes and the formation of hadrons withlarge transverse mementa
during collisions of hadrons, and withthe calculation of the Drell—~Yan process. The general method of calcu-
lating quark and gluon jets was also discussed within the scope of the quantum field theory,

Problems associated with the possible experiments on the hadron accelerators being planned, with an
energy of about 500 GeV in the center of mass system, were discussed in the report by G, Ranft, Both con-
ventional investigations of the total interaction cross sections, two-particle processes and reactions of multiple
particle formation, and also processes with large imparted momenta and reactions of the formatlon of new
particles were considered,

'The Symposium was well-organized and was conducted successflﬂly.

‘Translated from Atdmnaya Energiya, Vol. 47, No. 3, pp. 213-214, September, 1979,
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FIFTH MEETING OF THE COMBINED SOVIET — CANADIAN
WORKING GROUP ON COLLABORATION IN THE FIELD
OF POWER GENERATION

M, B, Agranovich

‘The Conference, held within the framework of the long-term program of economic, industrial, and scien-
tific—technical collaboration between the Soviet Union and Canada, took place on May 11-18, 1979 in Moscow,

The delegation of Soviet engineers was led by the Deputy Minister of Power and Electrification of the
, Soviet Union N, A, Lopatin, and the Canadian delegation was led by the General Director of the Division of
Foreign Projects of the Ministry of Industry and Commerce of Canada, F, Petri,

In the course of the meeting of the Working Group, reports of the sides were heard on the state and
prospects for the development of power generation in the Soviet Union and Canada, and the role of nuclear
power stations in the power generation of both countries. An exchange of opinions took place on the subjects
and form of future cooperation, which were of mutual interest, The Wbrking Group discussed the proposals of
the Soviet and Canadian specialists for the conduct of future work and affirmed the program of collaboration
in 1979-1981 in the fields of planning, construction, and operation of hydrotechnical plants in severe climatic
conditions, forecasting the state of the plane and reliability of nuclear power stations with channel type re-
actors, the use of cheap electric power for the production of hydrogen as a fuel and a chemical raw material,
and other problems of electric power generation,

- In the minutes, signed by the delegations, it was noted that the joint activity of the specialists of both-
‘countries will allow a significant contribution to be made to solving the problems of the more efficient pro-
duction and consumption of electric power, and thereby will assist the economy of the power resources.

FIRST MEETING OF THE JOINT SOVIET —~ FRENCH WORKING
GROUP ON COLLABORATION IN T‘H:E FIELD OF ELE CTRIC
POWER GENERATION ‘

M, B, Agranovich

The Meeting took place on May 24-31, 1979, in Moscow, In accordance with the subjects defined by the
agreement between the govermments of the Soviet Union and France of October 17, 1975, the possibilities were
considered for collaboration in 1979-1980 in the following directions: planning, construction, and operation
of hydrotechnical plants, State Regional Electric Power Stations and nuclear power stations with fast reactors.
Understanding was reached concerning the exchange of information on the operation of nuclear power stations,
the use of nuclear power stations for the supply of heat, and problems associated with earthquakes, At the
suggestion of the Soviet delegation, new topics were included in the program of collaboration: *Theoretical
developments and experimental research in the field of solar power facilities” and "Hydrogen power generation,"

In the course of the Meeting of the Working Group, the reports of the sides were heard concerning the
state and prospects of development of power generation in the Soviet Union and France.

A meeting took place between the leader of the French delegation of the Director of the Board of Gas,
Electricity, and Coal of the Minister of Industry of France, I. Kupin and the Minister of Power and Electrifica-
tion of the Soviet Union P. S. Neporozhnii, The sides emphasized that the creation of the Working Group is an
important stage in the development of cooperation between the Soviet Union and France and will contribute to
the more efficient development of power generation in both countries. °
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FIRST MOSCOW KURCHATOV LECTURE

I. A, Reformatskii

The First Moscow Kurchatov Lecture was-conducted on May 13, 1979, at the Moscow Palace. of Culture
"Moskvorech." The organizers of the lectures — the Moscow City and Krasnogvardeisk Regional Organization
of the company "Zndnie," Moscow Engineering Physics Institute, I, V. Kurchatov Institute of Atomic Energy —
invited scholars of the senior classes, teachers of the Vocational and Technical School and students in order
to talk to them about the eminent Soviet scientist, organizer of the Soviet Nuclear industry, AcademicianI. V.
Kurchatov, and about the development of modern physics and the sclentl.ﬁc trends along which specialists are
trained in the Moscow Engineering Physics Institute,

The opening lecturer, Prorector A, G. Zaluzhnyi, presented the assembled colleagues of the Moscow
Engineering Physics Institute, who had worked with Igor Vasil'evich, and also two scientific workers of the
Kurchatov Institute of Atomic Energy, who had arrived in order to take part in the lectures,

"The Moscow Engineering Physics Institute is the creation of Academician I. V. Kurchatov," said the v
Prorector’ of the MEPI in the address on the work of V, V, Khromov — "And now we are striving to train spec-
ialists, capable of creatively developing the ideas and trends put forward by Kurchatov,"

The talk by Hero of Socialist Labor, State Prize Laureate V, S, Emel'yanov, who had occasion to work
with I, V. Kurchatov for almost 15 years was interesting and lively. He sketched a bright image of the scientist
and organizer, having been able in extremely short periods and under conditions of the difficult war years, to
create friendly and energetic staff who, already in December 1946 had achieved the startup of the first nuclear
reactor in Europe and Asia, and in 1949 tested the atomic weapon,

The address of State Prize Laureate, Honored Scientist of the RSFSR I, V, Savel’ev, was devoted fo the
style of work of I. V, Kurchatov for the education of scientific workers of the higher grades.

" was indebted to I. V. Kurchatov in many respects in my Doctorate dissertation,™ he said — *Kurchatov
not only showed that I had sufficient material for the dlssertatlon, but also assisted in its rapid formulation
and consolidation,® :

Yu, V. Sivintsev and I, A, Reformatskii devoted addressed to the work of I, V, Kurchatov with young sci-
entific workers, gave recollections of how Igor Vasil’evich valued the opinion of his colleagues irrespective of
rank, supporting their initiative and independence in scientific work,

An exhibition was mounted in the foyer of the Palace of Culture, devoted to the life of I, V, Kurchatov,
In many photographs, Igor Vasil'evich was portrayed with friends and comrades, scientists, and statesmen.
The works of I. V, Kurchatov were displayed on the stands, recollections of him and archive material about
the establishment of Soviet nuclear physics,

The voice of I. V. Kurchatov resounded at the lectures, addressing the Twenty-First Congress of the
Communist Party of the Soviet Union in 1959, and speaking about the plans and aims of Soviet physicists, and

~ the documentary film "The Atomic Flame" was shown, devoted to the life and activities of the emiment Soviet

scientist.

A welcoming telegram was received at the First Moscow Kurchatov Lectures from the President of the
Academy of Sciences of the SSSR, Academician A, P, Aleksandrov.
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NEW BOOKS v

Kh, Wong ,
BASIC FORMULAS AND DATA ON HEAT EXCHANGE FOR
ENGINEERS * ' '

‘Reviewed by P. L. Kirillov

The book is a short handbook on the calculation of heat transfer in different heat-exchange devices,
With the deficiency of reference literature, the issue of this publication undoubtedly is useful,

The book consists of 7 chapters, tables, and appendices. In the first chapter, which is the introduction,
general data about heat transfer are explained. The second chapter is devoted to thermal oconductivity, Here,
the author introduces a new concept of the heat-transfer parameter — a quantity which is the reciprocal of the
thermal resistance. Tables of heat-transfer parameters are given for important cases. In the third chapter,
where convective heat exchange is considered, a large number of formulas are contained relating to free
motion, flow in channels and superficial flow around objects. In the fourth chapter, the basic laws and methods
of calculating thermal radiation are given. The fifth chapter contains brief data on boiling and condensation
processes, Unfortunately, little attention is paid to the calculation of crisis. In the sixth chapter, which con-
siders methods of calculating heat exchangers, there are data about heat-exchange intensification, The seventh
chapter is devoted to heat transfer in engineering structures.

The recommended formulas in the majority of cases are reduced to thematic tables with clear designa-
tions, which considerably facilitates finding the formulas. A list of symbols and definitions of technical terms

is appended to every chapter. The book is provided with an alphabetical index, Numerical data are given in
the SI system,

The advantage of the handbook consists in the extensive coverage of many divisions of heat transfer.
However, its drawbacks also are partly connected with this, The handbook is brief in content, and therefore
it is difficult to criticize the publication for what is not in it, All the formulas and data are taken from foreign
publications, The author, obviously, is not sufficiently familiar with the latest publications of Soviet journals
and monographs. In every case these data have not been reflected in the handbook, and therefore in certain
cases the author has included obsolete data. A preface to the handbook should have been given by the trans-
lators and editors, and a note or small addition should have been made at the necessary places. This concerns
especially the sections associated with nuclear power generating facilities. There are no data in the handbook
‘about the calculation of heat transfer and erisis in bundles of rods, i.e., those types of channels which are most
widely used in nuclear power-generating facilities. At the same time, the calculation of certain exothermic
channel configurations could have been omitted, Also, tables of Bessel functions and error functions could
have been omitted without detriment. Unfortunately, during translation, terms and symbols accepted by the
Soviet Union at the present time have not been preserved everywhere, For example, u /s on p. 53 is called
the rate of diffusion and on p. 54 (quite correctly) it is called the kinematic coefficient of viscosity, '

In certain cases different symbols are not so harmless as may be indicated and could lead to misunder-
standings. For example, tg (p. 48) denotes the surface temperature, although in Soviet literature it is taken
" to denote the saturation temperature. This is all the more disappointing, as on p. 50 the surface temperature
is denoted further by toT. In Table 6.4 Q denotes the power (or output) and @y, denotes the mass flow rate,
Therefore, when using the handbook additional increased attention must be paid to the symbols in general,
and to one and the same quantity in its different sections in particular,

On the whole, the publication can be welcomed. The handbook is useful to engineers who are involved
with heat-transfer calculations.

*Atomizdat, Moscow, 212 pp., 1 ruble, 20 kopecks (1979),

Translated from Atomnaya ‘Energiya, Vol_, 47, No. 3, pp. 215-216, September, 1979,
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I. I, Malashinina and I, I.rv‘S_idoro‘va
TRAINING EQU_IPMENT'F_O'R NUCLEAR POWER
STATION OPERATORS * '

Reviewed'by S. G. Muradyan

The development of nuclear power generation is a multiplicity of problems, one of which is the manning
of nuclear power stations which have been brought on stream, with highly qualified operative and operating
personnel,. The increase of the unit capacities of the power units of nuclear power stations, the assurance of
their safe and accident-free operation imposes rigid demands on the level of their training, The training
of a large number of specialists with a high level of professional knowledge, skills and experience is possible
in scientific-training centers, equipped with the most up-to-date technical means of teaching, in particular
training equipment; '

In recent years, publications on the training of staff for nuclear power stations are being encountered
even more frequently. Therefore, the book under review pays particular attention to the generalized accumu-
lation of experience in the development of training equipment for nuclear power station operators. The authors
have attempted to comprehensively highlight the problems arising in the development of training equipment,
and in the majority of cases they have successfully formulated the problems and have suggested specific
routes and methods for their solution. In this respect, the material of the third, fourth, and seventh chapters
is the most valuable., The instruction on the training equipment includes not only adequate reproductions of
the processes taking place in power unit systems, but also a multiplicity of problems from the fields of en-

gineering psychology, programmed training procedures and assessments of the extent of t raining of staff.
- These problems are highlighted in general form in the book and specific work programs are given for their

solution. _

But, just as the authors correctly remark, the introduction into educational training centers of training
equipment still does not resolve the training of staff, In addition to the training equipment at these centers,
there should'be the means for theoretical and practical training (dialogic systems of training and control,
educational television systems, technological system simulators and nuclear power station plant mock-ups),
and also modern educational -methodological information of a general and specialized nature.

Up-to-date technical facilities will provide high efficiency of training and thanks to the application of
programmed training methods, the time in training staff has been shortened significantly. However, despite
the intensification of the training process, costs in training have a tendency to increase. There are larger
costs also on the setting-up of teaching-training centers. Taking account of the high cost of training nuclear
power station staff, the suggestion of the authors concerning the devising of unified requirements for the
characteristics and qualifications of operative staff is well-timed. In this connection, we consider it advan-
tigeous to devise unified requirements for both the organization of the teaching process, and also for the
special features of technical training means and models of the technological nuclear power station power-unit
systems: -

“*Atomizdat, Moscow (1979), 152 pp., 1 ruble, 50 kopecks.
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G. M, Fradkin (Editor)
RADIOISQTOPE SOURCES OF ELECTRIC POWER *-

Reviewedby A, A, Efremov

The book is devoted to the scientific—technical basis and engineering problems of the creatmn of radio-
isotope sources of electric power.

Radioisotopic power generation is at the junction of several fields of science and technology, and the
information given is many-sided, If highlights the problems of nuclear physics and technology, the conversion
of radioactive decay energy into electri¢ power, thermotechnology, and, finally, purely eleéctrical problems.

The book comprises three parts. The first is devoted to the basic physics concépts of radioactive decay,
methods of production of radioisotopes, calculation and measurement of their heat release, and radiation
shielding, Nonthermal and thermal methods of energy conversion are considered. The main aftention is paid
to the thermoelectric method, as the most developed. An approach to the thermophysical calculation of the
isotope source as a whole is explained. The information in the second part of the book, concerning engineering
problems, refers to thermoelectric systems. Inthis section, a selection of design solutions are considered,
and also the designing and testing of thermoelectric converters, thermal insulation of the cladding, and other
structural components, The following are described: radiation safety during manufacture, transportation and
operation, reliability of radioisotope thermoelectric power sources, and also devices for matching the electri-
cal parameters of the source with the consumer of the electric power, Power sources of millimicrowatt
capacity are assigned to a subsection, ' ’

Finally, in the last part of the book, designs are described and data are given about the operation of
thermoelectric power sources using Ce, Sr, Cs, Co, and Pm, Numerical relations, structural and technological
features of thermoemitting radioisotope sources of heat are given and also data on nuclear batteries.

The book touches upon many aspects of the construction and operation of radioisotope power sources.
In many sections, quite comprehensive numerical and reference data are contained, which are based on recent
achievements in this field. In this respect, it will be undoubtedly of interest and will be useful to readers who
are interested for the first time in these problems, and also specialists working in this field,

Nevertheless, the book is not devoid of deficiencies. In particular, not all the information in the book is
discussed at the same level. Thus, the chapter associated with the design of radioisotope thermoelectric
power sources, which is mainly descriptive contains no reference information, which is so essential for design-
ing. There is insufficiently specific data in the section on the thermophysical calculation of a radioisotope
thermoelectric power source. There is no section related with the general classificationof isotopic sources
of electric power according to different types of criteria, which could be usefully located in the first intro-
ductory chapter or in the introduction. It is fair to mention, however, that a partial classification is given in
the book, e.g., on conversion systems, In its content, the chapters on thermoemission sources of heat and

nuclear batteries is somewhat out of place in the third part of the book, and they could have been mcluded in
the first part of the book,

Finally, the most J.mportant deficiency is associated with the calculation of thermal batteries. It is re-
grettable that this concerns the problem which is most completely highlighted, The authors of the book have
explained the state of the problem at the level of calculation of thermoelements with variable properties, i.e.,
thermogenerators with a given temperature of the junctions, and have not given the results of the calculation
of thermoelectric generators with a specified temperature of the medium, of thermogenerators operating under
space conditions, and also with the constant supply of heat. The omission is even more vexing, as the source,
where these problems are discussed, is given in the bibliography of the book being reviewed, but not in con-
nection with the problem being considered and not in the same section, and with a totally different approach,

As a result, the procedure o the calculation given by the authors suffers obvious defects: there is no proper
optimization of the electrical and thermal conditions of thermal batteries, the adequacy of the conditions of

* Atomizdat, Moscow, 304 pp., 3 rubles, 20 kopecks (1978),
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maximum efficiency and maximum power are stated erroneously, and convective or radiative heat exchange
with the surrounding medium is not taken into account .(only the case of conductive heat exchange is considqred_)ﬁ.

On the whole, and despite deficiencies, the issue of this book sixou;d be.recognized as useful, This es-

s

pec1a.]1y concerns its part where the practical problems of constructing isotopic sources of electric power

are skillfally highlighted, Probably, it may be hoped that in the event of a reissue of the book, the authors
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lzvestiya Akademii Nauk SSSR, Seriya B/ologlcheskaya

The biological proceedmgs of the Academy of Sciences of
the USSB, this prestigious new bimanthly presents the
work of the leading academicians on every aspect of the life

sciences—from micro- .and molecular baoIogy to zoology,

physiology, and space medicine. .
Volume 7, 1980 (6 issues). . .. ... .. ........ $195.00

/

SOVIET JOURNAL OF MARINE BIUL(IGY
Biologiya Morya

Devoted solely to research on marine organisms and their
activity, practical considerations for their preservation, and
repraduction of the biological resources of the seas and
oceans.

Volume 6, 1980 (6 issues) ......... L. . $115.00

WATER RESOU RCES
Vodn yé Resursy '

Evaluates the water resources of specific geoéraphical areas
throughout the world and reviews regularities of water re-
sources -formation as-well as scientific pnncnples of their
optimal use.

Volume 7, 1980 (6 issues). . ... ............ $215.00

HUMAN PHYSIOLOGY

Fiziologiya Cheloveka

A new, innovative journal concerned exc/us1ve/y with theo-
retical and applied aspects of the expanding field of human

physiology.
Volume 6, 1980 (6 ossues) ............... ..$195.00

SOVIET JOURNAL OF BIDORGANIC CHEMISTRY

Bioorganicheskaya Khimi) ya
‘Features articles on isolation and purification of naturally

occurring, biologically active compounds; the establishment -

of their structure, methods of synthesis, and determination
of the relation between structure and biological function.
Volume 6, 1980 (12 issues) ................ $245.00

SOVIET JOURNAL OF COORDINATION CHEMISTRY

K oordmatszonnaya Khimiya

‘(Descrlbes the achievements of modern theoretical and
applied coordination chemistry. Topics include the syn-
thesis and properties of new coordination compounds:
reactions involving intraspheral substitution and transforma-
tion of ligands; complexes wi$h pon;unctionaIénd macro-

“problems of microelectronics.
N principles, materials, and methods for creatmg components,
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molecular ligands; complexing in solutions; and kinetics
and mechanisms of reactcons involving the partncnpatlon of
coordination compounds.

Volume 6, 1980 (12issues). . . ............. $255.00

‘

THE SOVIET JOURNAL OF GLASS PHYSICS -
AND CHEMISTRY

Fizika i Khimiya Stekla

Devoted to current theoreticél and applied research on three
interlinked problems in glass technology; the nature of the
chemical bonds in a vitrifying melt and in glass; the struc-
ture-statistical principle; arid the macroscopic properties
of glass. .
Volume 6, 1980 (6 issues) . . ....... e $145, 00"

LITHUANIAN MATHEMATICAL JOURNAL -

.
Litovskii Maternaticheskii Sbornik \ , : )

An international medium for the rapid publication of the
latest developments in mathematics, this quarterly keeps
western scientists abreast of both practical and theoretical
configurations. Among the many areas reported on in

" depth are the generalized Green’s function, the Monte

Carlo method, the “innovation theorem,” and' the Martin-

-gale problem. *

Volume 20, 1980 (4 ISSUES) ................ $175.00. .

PROGRAMMING AND COMPUTER SOFTWARE

Programmirovanie

Reports on current progress in programming and the use of
computers. Topics covered include logical problems of -
programming; applied theory of algorithms; control of com-
putational processes; program organization; programming
methods connected with the idiosyncracies of input lan-
guages, hardware, and problem classes; parallel programm- -
ing; operating systems; programming systems; programmer
aids; software systems; data- control systems; 10 systems;
and subroutine libraries.

Volume 6, 1980 (6 issues), . . .. ..... .. T....$115,00

SOVIET MICROELECTRONICS

Mikroelektronika

Reports on the latest advances in solutions of fundamental
Discusses new physical |

especially in large systems. . 4
Volume 9, 1980 (6 lssues). e $160.00
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